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HI* BIKPTNG PEPTTPFS ft KB -m«; Tp T rrr 
The present application is a continuation < 

«. o.,o 27 , 746 Khlch ls a continMtion i : t p i «: t o 7" «* 

07/92 *«\ •» incorporate, herein by refe'encT 

BACKGROUND OF THE INVENTION 

particular, it provides. novel peptides capable of bT„^„ 
selected major histocompatibility conpXex !«hc» , 9 

inducing an immune response. ' nolecul " «nd 

MHC molecules are classified as either ci... -r 
Class II molecules, class II MHC molecules ar7 °* 

p^ariiy on cell , lnvolved i„ initia^rrus^rr 

i-mune responses, such as T lymphocytes B iLZ 1 ^ 
-crophages, etc. class n «»^. B Jf? OCyt "< 
helper T lymphocytes and induce prol«ertt"^ If * 
lymphocytes and amplification of the 1^1 T 
particular immunogenic peptide LTis^playT""' 0 
molecules are expressed on almost all nu^L " * 1 "« s 

recognized by cytotoxic i- ,™ >. nucleated cells and are 

» oy cytotoxic T lymphocytes (CTLsi uh i,-h 

fragment bound to the mhc T , r a P e Ptide 

intact foreign ant^tself ^T^E" ^ ^ 

•nao^anously synthesized by L cetl InT "°™ lly *° 

Protein antigen ls degraded" ^^T^iTT" °* 
■*»- cytoplasm, some of these smalx £££ LalsTT 
» pre-oolgi compartment aria interact Jth , '"nslocate into 
to facilitate proper folding - 1 hMV * =n*in" 

« '^o^rj^J^^^ «- 'ubunit 

routed to\he cell surface/ " 1 """P 1 ** is then 

recognition- by specif" ^ ~ 
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MHC e , ^ nVesti ^ions of the crystal structure of the human 
MHC class I molecule, HLA-A2.1, i„ dica te that a peptide 
bxndxng groove is created by the folding of the L and a2 
d ° mainE ° f -^ss 1 heavy chain (BjorXman et A Ll 

id": 0 : ( r 87) * in jz^/^ 

identxty of peptides hound to the groove was not detained 

Buus et al., ssisncs 242:1065 (1988) firstT«r : „ 

a method for acid elution of hound peptides f LI « 
Subsequently, Rammensee and his coworkers (FalJc et ai * <- 
3*1:290 (1991, have developed an approach to cLacte^f^ 
naturally processed peptides bound to class x B0 lec ^ 
Other xnvestigators have successfully achieved direct Lino 
acxd sequencing of the more abundant peptides in v^i Z 

m ciass I molecules of the r *-r ^ 

al., Hature 353. 32fi ,-, 0 «, % (Jardetzky, et 

/ pflt-m-e , 353.326 (1991) and of the A2 i w 

spectrometry (Hunt et al ^- type by mass 

- ^ * ' et a1 -' SSSiSllSs 225:1261 (1992) a ™< 

of the characterization of naturally processed D lV 
Class X has been presented by WBtJ^^^^ " »* 
and FaDc, ImnunoT, To ^ y 12:447 (1991) Palk (^schke 

(1989, sho^r^: ;£c'a iTT ^ d 8613296 

-diet MHC bin^ing^apacityT Ts£2^^ ^ ~ 

S-649 (.989) shewed Z^^Sf^. 
related, to mununogenicitv c 0 vn^. i ^ 9 was 

HatHEs 353:852-955 'I9gn> ' . er - ec **-# 991 

of a given class TZZLT?" " ""^ ° £ alleles 

alleles should be hich ». e 1«encxes of these different 

uia oe »*gn enough to cover a l * 
Perhaps the majority of 9 fraction or 

D M »?r tl n outbred Population. 

Despxte the developments in the art t ho • 
has yet x to provide a useful human peptid! bf '„ ** M 
therapeutic agent based on this work The ! * 
Provides these and other advantages l ~ t inVenti ° n 
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SUMMARY OF THE INVENTION 
The present invention provides compositions 
comprising immunogenic peptides having binding motifs for MHC 
Class I molecules. The immunogenic peptides are typicallv 
between about 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele, a number of allele specific motifs 
have been identified. 

th* n * inStanCB ' BOtif for HIA-A3.2 comprises from 

the N-termxnus to C-terminus a first conserved residue of L, 

*' V ' S ' A ' T and F at P^ition 2 and a aecond conserved 
residue of K, R or Y at the C-terminal end. other firlT 
conserved residues are C, G or D and alternatively E . other 
second conserved residues are H or F. The first and second 
conserved residues are preferably separated by 6 to 7 
residues. 

to tb. C-terl„f " f" " IJl ' A1 CMprisBS f «» «■= -terminus 
to the c-terminus a first conserved residue of T, s or H . 

second conserved residue of D or E, and a third conserved 
residue of v. other second conserved residues areTT^ , 
The first and second conserved residues are aa^ent'and «e" 
prefer ably 8eparated rro „ ^ thM ; aaammt ^ ^ 

7 rescues. A second motif consists of a first conserved 
rescue of E or b and a second conserved residue of v"nte 

r;es t i: u e es? nd second °— ~- « .£?*. 

The motif for HIA-All comprises from tho w - • 
to the c-terminus a first conee^'residueer Tlr 'T^ 
pos^on 2 and a c-termi„al conserved residue of x ™ ,< 


t.™- J"* n ° t " f ° r HLA - A2 *-1 comprises from the N— 
terminus to the c-terminus a first conserved reside of v . 

T M or rT" f 2 "* " ' tOTiM1 served " s^/of ; \ 
W. H or L. The first and second conserved residue* . 
preferably separated bv 6 to 7 residues. " 

Epitopes on a number of DQtenfioi *. 

=.n be identified in this manner T* Pr ° teinS 

aimer. Examples of suitable 
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antigens include prostata 

« (MAGE-i) EpsteCaTvir^ ' 

antigens, human immunodeficiency ^ "^If"* „ 

5 papilloma virus antlgenB ; ^ £ ^T" <H ^ d 
Pharmaceutical compositions for bot IL^nd" ""^ in 
therapeutic and diagnostic applications^^ 

Definitions 
The term "peptide 1 * i a • . 
"oligopeptide" in the 111 . interchangeably with 
* ^ fwxae xn tne present specif icafinn < a 

series of residues, typ d^lt ltlZ I 9nat " * 

end carbonyl groups of .decent ^ ^J*" «*--*Pb.-«x«. 

Oligopeptides of the invention are less »f \ 
in length and usually = 0 „si s t of between^!! f " 
residues, preferably 9 or 10 residue an<1 " b ° Ut " 

crises £ 18 ■ 

^ the MHC allele and oe ^bl 0"^ ^ «*» 
T*us, immunogenic p ^ fcld- ^ Mp J^ U ""* « «spo„se. 
appropriate class ! MHC molecule !nd i»L ^ *" 

cell response against the .ntigen ^1^^°^° * 
Peptide is derived. wnich the xmmunogenic 

A "conserved residue" in »„ : • 

in a significantly higher freouenV^"^^^ ^ 
r " dOB "^"ution at a particular posTtZ * 
-otif. Typically a conserved residue Is * '""^ 

i-unogenic peptide ~y providTa ^no"^ 
; nole=ule., ; one to three, preferably To c !n **" "" C 

within a peptide of defined lenoth hT' COnServea residues 
Oogenic peptide. Th Z r^T^TtJl^ *» * 
contact with the peptide bind^ *»«.lly in close 

chains, buried in spe^ ^WelT^ ^ 

» immunogenic pept^ viiri! D ' OOVe 
conserve residues, more usually ^l^T^^ 

present at certain positions will result 
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in a jepudebeing a nonbinder or poor binder and in turn fail 
to induce a CTL response despite the presence of the 
^appropriate. conserved residues within the peptide 

The term « no tif- refers to the pattern of residues 
in a peptxde of defined length, usually about 8 to about n 
amino acids, which is recognized by a particular MHC allele 
The peptide motifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues. 

The binding -otif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 

3^ 'ST™ PreSent in «—«««* Positions in . 
peptide and there are no negative binding residues present 

The phrases -isolated- or -biologically pure- refer 
to .aterxal which is substantially or essentially free trj> 
components which normally accompany lt as f ound L its n ™ 
state Thus, the peptides of this invention do not con^T 
Tg ««=iated with their ^ ^ environment, 

e.g., MHC I molecules on antigens presenting cells. Even wh.™ 
-protein has been Elated to a homogenous' or dominaTbaL 

The term "residnn 
acid mi^ir, • Biau * refers to an amino acid or amino 
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BRIEF DESCRIPTION OF THE DRAWINGS 


j- Fig. 1 is a flow diagram of an HLA-A purification 
scheme. ' ' vv -' ; 

Fig. 2 is an SDS-PAGE analysis of affinity purified. 
HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 

Lane 1 - Molecular weight standards. 

Lane 2 - A3. 2 acid eluate 

Lane 3 - A3. 2 a second acid eluate 

Lane 4 - Base elution /l 
, Lane 5 - Base elution /2 

Lane 6 - Concentrated base elution 1 

Lane 7 - Concentrated base elution 2 

Lane 8 - BSA - 10 ftg 

Lane/ 9 - BSA - 3 /tg 

Lane 10 - BSA - 1 /tg 

Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid e luted 
peptides. 

Fig. 4 shows binding of a radioactively labeled 
peptide of the invention to MHC molecules as measured by the % 
bound radioactivity* 

Fig. 5 shows inhibition of binding of a peptide of 
the invention to MHC molecules in the presence of three 
peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
.peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of fi 2 microglobulin. 

Fig. 7 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. s 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent K D of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
peptxde of the invention to MHC Al as measured by % bound 
react iyity. 

Fig. io shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
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Fig. 11 Scatchard Analysis of binding to MHC Al 
confirming an apparent K D of 2lnM. 

Fig. 12 shows the binding of two peptides of this 
invention as a function of MHC A24 concentration as measured 
by % bound reactivity. 

Fig. 13 shows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides 

Figs. 14(a) and 14(b) show the Scatcbard Analysis of 
binding to MHC A24 of the two peptides confirming a K D of 30 
and 60nM, respectively. 

Fig. is shows the effect on MHC class 1 molecules of 
^microglobulin and a peptide of choice on acid-stripped PHA 
blasts. 

Fig. 16 shows CTL induction using GC43 A2 l 
responded and autologous acid-stripped PBMCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2 l 
responders and autologous acid stripped PBMCs or PHA blasts as 

P^de^Y^ Wlth ^ "^.04-1044.05-1044? 06 

peptide pool. 

Fig. 18 shows CTL induction using GC49 A2 l 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 

and aut«i Fi9 * 19 . Sh ° WS CTL i^tion using GC66 Al responders 
and autologous acid stripped PBMCs as stimulators after 
loading of peptide 938.01. 

targets an^L' 0 illUStr * teS «» ^ <* Peptide sensitized 
targets and endogenous targets following stimulation with sac- 
I activated PBMCs loaded with a MAGE 3 peptide. 

Fig. 21 shows a comparison of the acid strin i**** 
with the cold temperature incubation. * ^ 

Fig. 22 shows a CTL response to an immunogenic' 
peptide for MAGE/ All. -""nunogenic 

«■ Pi9 * " Sh ° WS 3 CTL res P° nse fc o an immunogenic 
peptide for HXV/A3. ^ nic 

X. Pig ' 24 show * a CTL response to an immunogenic 
peptide for HCV/A3. -""nunogenic 
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" Fi 9- 25 shows a CTL response to an immunogenic 
peptide for HBV/A1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention relates to the determination 
of allele-specific peptide motifs for human Class I MHC 
(sometimes referred to as HLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 
diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens 
Epstein-Barr virus antigens/ melanoma antigens (e.g., MAGE-l) 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, imaunof luorescent 
staining and flow microf luorimetry, peptide-dependent class I 
assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals as 
well as for their capacity to induce primary m vitro or in 
Xiyo CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A 
B, and C loci. HLA-A ahdB antigens are expressed at the cell 
surf ace at approximately equal densities, whereas the 
expresMpn of HLA-C is significantly lower (perhaps as much as 
10-fold lower) . Each of these loci have a number of alleles 
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The peptide binding motifs of the invention are relatively 
specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the 
present invention preferably comprise a motif recognized by an 
MHC I molecule having a wide distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 
Population Table 1 shows the frequency of various alleles at 
the HLA-a locus products among different races. For instance 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA-A allele subtypes 
specifically HLA-A2.1, Al, A3.2, and A24.1. similarly, the 
ma 3 orxty of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele BZA-All 2 
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TABLE 1 


A Allele/Sub^ypf. N ( 69 ". * 


Al 

A2.1 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26 . 1 
. A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30.2 
A30.3 
A31 
A3 2 
AW33.1 
AW33 . 2 
AV34.1 
AV34.2 
AW36 


10.1(7) 
11.5(8) 
10.1(7) 
1.4(1) 


1.4(1) 
5.7(4) 
0 

5.7(4) 
0 

4.3(3) 
2.9(2) 


1.4(1) 
4-3(3) 
7.2(5) 

10.1(7) 
1.4(1) 
1-4(1) 

10.1(7) 
8.6(6) 
1.4(1) 
7.2(5) 
4.3(3) 
2.8(2) 
8.6(6) 
2.8(2) 
1.4(1) 
14.5(10) 
5.9(4) 


A (54) 

i-siti) 

37.0(20 
O 

5.5(3) 


0 

5.5(3) 
5.5(3) 
31.4(17) 
3.7(2) 

27.7(15) 


9.2(5) 
3.7(2) 

1.8(1) 

7.4(4) 
16.6(9) 


Cf5031 

27.4(138) 
39.8(199) 
3.3(17) 
0.8(4) 


2(0) 
5(108) 


O 
21 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 


6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 


presented to the Xeft (the H-ter»i„u S) and tte carboSHroup 
to the r lg ht (the c-teminus, of each ^ acid res^e "„ 
the formulae representing selected specific embodiments of Z 
present invention, the Mino - and ^r^-^^TZZl 
-Xthough not specifics shown, are in the for- they « 
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assume at physiologic pH values, unless otherwise specified 
In the amino acid structure -formulae, each residue is 
generally represented by standard three letter br single 
letter designations. The L-form of an amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-form- for those 
amino acids is represented by a lower case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as «Gly« or c. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
Falk et al., Harare 35 i:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 
immunoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artisan include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 
chromatography, and a combination of all of the above 
techniques. 

A large number of cells with defined MHC Bolecules 
particularly MHC Class I molecules, are Known ,„ a ^ 
available. For example, human EBV-transformed B cell lines 
have been shown to be excellent sources for the prep^ative 
isolation of class I and class II MHC molecules 
Well-characterized cell lines are available from private and 
commercial sources, such as American Type culture co^ect!o"n 
(■catalogue of Cell Lines and Hybridomas.- 6th « altlon 

Hca^ie:™;.^-.; t ^Tl iTr te ot ^ 

Cenetic Mutant cell ^L^ZZ^^JS^T^ 

Repository, Bingham and Women's Hospital, 75 Pranni^ c- . 
Boston m* nua . Tab i e 5 liEt8 . ST^' 

tor use as sources for HIA-A alleles. Ail of these cel^Les 
o« be ^rown in large batches ^ are therefore useful for 
large sca ie production of mho molecules, one of sWll will 
recogn^e that these are merely exemplary cell lin" .no ^at 
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^^a^ll sources caij be employed. similar EBV B cell 

^?»P?5ygPus f or HU^B and HLA-c could serve as sources 
f 9 r and HIA-C alleles, respectively. 
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TABLE 2 

HUMAN CELL LINES (HLA-A SOURCES) 



MAT 

COX (9022) 
STEINLIN 
(9087) 


15 


A2.1 


JY 


20 


A3. 2 


EHM (9080) 

HO301 (9055)GM3107 


25 


A24.1 


KT3(9107) # TISI (9042) 


30 


35 


All 


BVR (GM6828A) 
•WT100 (GM8602) -WT52 
(GM8603) 


isolate ttTa^^lT": is used to 

. v, ,==s».rea allele. A number of protocols can be 

used, depending upon the specificity of the antibodi" u^ed 
40 For example, allele-specif ic ,»Ab reagents cm JTsll til t 
affinity purification of the hla-a, HXA-B, .Lwc 
-olecules. several .Ab reagents for the isolation of hl»-a 
-olecules are available (Table 3, . Thus, for ea" of ^ 
targeted HLA-A alleles, reagents are available that LTL 

M PrePared With "in, standard 

^Chn^es are successfully used to purify the respective 
HLA-A allele products. e 

50 rea „- In . addition ^ allele-specific mAbs, broadly 
so reactxve an ti -HLA-A. B e ^ y 

**la A, B, c BAbs, such as W6/32 and B9.12.1, and 
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one anti-HLA-B, C mAb, Bi.23.2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 

TABLE 3 
ANTIBODY REAGENTS 


anti-HLA 


Name 


HLA-A1 
HLA-A3 
HLA-11,24.1 
HLA-A, B> C 

monomorphic 
HLA-B,C 

nonomorphic 


12/18 

GAPA3 (ATCC, HB122) 

A11.1M (ATCC, HB164) 
W6/32 (ATCC, HB95) 

B9.12.1 ( INSERM— CNRS ) 
B. 1.23.2 (INSERM— CNRS) 


The peptides bound to the peptide binding groove of 
the plated MHC molecules are eluted typically usLHcil 
treatment Peptides can also be dissociated from class" 

"arpH 8 Var ' etY ° f <~ -ahs, such as 

neat, p H , detergents, salts, chaotropic agents, or a 

combination thereof. 

- ■ Peptide fractions are further separated from the MHC 

molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 

the artisan, including filtration, ultrafiltration 
electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromatography 
isoel«sctrofocusing, and the like. 
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Sequencing of the isolated peptides can be performed 
according to standard techniques such as Edman degradation 
(Huhkapiller, M.W., et fl l . , Methods Rn^yTT^I , °1 399 [1983]). 
Other Methods suitable for sequencing include mass 
5 spectrometry sequencing of individual peptides as previously 
described (Hunt, et al.. Science 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides (e^, pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 
10 sequence motif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 
15 epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
capacity to bind MHC class molecules is measured in a variety 
of different ways. One means is a Class I molecular binding 
20 assay as described in Example 10, below, other alternatives 
described in the literature include inhibition of antigen 
presentation (Sette, et al., J, Immyno] , 141:3893 (1991) m 
Yltra assembly assays (Tbwnsend, et al., ^ 62 : 285 (19 ' 
and FACS based assays using mutated ells, such as RMA.S 
5 (Melief, et al., Eur. J. T T , n »| 21:2963 [1991]). 

. . " ', NCXt ' Peptides test positive in the MHC class I 

binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro. Fc instance, 
antxgen-presenting cells that have been incubated with a 
> peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen-presenting cfclls can 
be normal cells such as peripheral blood mononuclear tells or 
dendritic cells (Inaba, et al., J, Exp, M^, 166:182 (198 
Booq . Eur. J . Tim.. 1n ^ 1 TT * ?TT [1988]). ' 
■ ' V . Alternatively, mutant mammalian cell lines that are 
defxcxent in their ability to load class I molecules with 
internally processed peptides , such as the mouse cell lines 
KMA-S (Karre, et al.. nature, 319:675 (1986); Ljunggren, et 
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al., Eur, Jv TP^ihol . 21:2963-2970 (1991)), and the human 
somatic T cell hybridoma, T-2 (Cenmdolo, at al., Nature 
345:449^452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce i n v i tro primary CTL responses, other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines ccl 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851) 
armyworm (ATCC CRL 1711, , moth (ATCC CCL 80, and Drosophila' 
cell lines such as a Schneider cell line (see Schneider ^ 
Embryo! f ffyp Wnrpho1 27J35 3_ 365 [1927]) ^ ^ 

transfected with the appropriate human class I MHC allele 
encoding genes and the human B 2 microglobulin genes, 
u - Peripheral blood iyMphocytes are conveniently 

no^T! fOll0Win9 SiDPle —iP-cture or leuJcapheresis of 

s^cts ^f^ PatlentS ^ ^ "ponder Pell 

sources of CTL precursors, m one embodiment, the appropriate 
antigen-presenting cells are incubated with .10-100 
peptide in serum-free media; for 4 hours under appropriate 

^s^ c^ actlvat' dayS toto culture conditions. 

9 W1Ve ^ act ivatxon can be determined by assavin„ 
cultures ror the presence o £ CTLs «» t km 

target ceUs bo th specific peptide-pulsea targets ^ as 
target ceils expressing e n ao ge „o M l/p rocesscd % 0 „ <, ^ e X " 
relevant virus or tunor antigen f ron ^ the < *»» 

sequence was derived. F p 

_^ Specificity and MHC restriction of the CTL is 

determined by testing against different peptide ta^et ceils 
expressing appropriate or inappropriate human MHC class i 
The peptides that test positive in the Mwr k- T 

give rise to specific CTL resll ^ ****** and 

"fenuc ctl responses are refermrt 4-^. 
immunogenic peptides. referred to herein as 

X The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA tecJi ^ isolated 
f ^ MtUral — s ■** - whole viruses or^umors 


WO 94/03205 „ 

j_ PCT/US93/07421 

17 

Although the peptide will preferably be substantially free of 
othe^naturally occurring host .cell proteins and 
thereof, in some embodiments the peptides can be synthetically 
conjugated to native fragments or particles. The Sendee 
» or peptides can be a variety of lengths, either in thel^ 
neutral (uncharged, for™, or in forms which are salts and 
either free of modifications such as glycosylate, side chain 
oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification 

zrzLZ ■ 101091cal aetivity of - — P tide f rr n 

Desirably, the peptide will be as small as „o„(m 
Icti 6 :" 1 , 1 substantially all of t"e biol^l 

activity of the large peptide. Kh a » possible, it mayle 
desirable to optimize peptides of the invention *„ *i 
9 « 10 -*» commensurate s"e w"th e,,9th °* 

» HHC class I molecules on the cell surface 
Peptides having the desired activity may be mod^i.* 
as necessary to provide certain desired attributes B " 
improved pharmacological characteristics while W : ' 
-. least retaining substantially -all T^^T^ " 
activity of the unmodified peptide to. bind the deli"d MHC 

z^^Zttz erL 

-other which is 

s^t"!^' ^ ^ - a-Ino^id^' LyE ' 

ss^r z ^TweTLrrt^- ~ 

procedures, as described i„ e g M^r,! " * - ynthesie 
" B ara„y - Herrif^.-^^S.^r"- 
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Meienhof er, eds, :(N.Y. / Academic Press) , pp. !- 284 (1979); and 
Stewart and Young/ goljd Pha^ P^idk wh.c^ (Rockford, 
111., Pierce), 2d Ed. (1984) , incorporated by reference 

-.'herein. • • «..•? ." ^ ; ' v--.- ' / - w 

! The peptides can also be Modified by extending or 

decreasing the compound's amino acid sequence/ e.g., b y the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 

suc^ alV 6 t0 toose naturally occurring in. proteins, 

such as L-a-amxno acids, or their D-isomers, but may include 
non-natural amino acids as well, such as B- T -,-amino acids, as 
well as many derivatives of L-a-amino acids. 

k JT^ 11 ^ a SeriSS ° f Peptides wlth single amino 
acid substitutions are employed to determine the effect of 

electrostatic charge, hydrophobic^ , etc. on binding. Por 
ne«r e ; * ^ "* charged (e.g., Lys or Arg, or 

ZlTll Y rr 9 ^ Ce * 9 " G1U) ^^utions are 

»ade along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell receptors. Xn addition, multiple substitutions using 
small, relatxvely neutral moieties such as Ala, Gly Pro or 

W^i reSid ^ S ^ ^ enPl ° yed - ^ substitution; ZyZ 
homo-oligomers or hetero-oligomers . The number and types of 

»ub!^ \ re==Ptor -ay also be achieved by such 

substitutions, compared to the ,„i n ity ot ^ p J mt * 
Xn any event, such substitations shouXd employ Lino acid 
resxdue,. or other -olecuXar fragments chosen to avoid tor 
SK.' StBriC — ence which nig ht disrupt 
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Amino acid .substitutions are typically of sin„i. 

^^ions, deletions, ^io^^ 

combination thereof may be combined to arrive at 1 , 
peptide. Substitutional variants are those Lit I l\ 
one residue of a peptide has been remold iTt^T" 

Ire ^e lnSertCd ^ ^ ^^ons g lZTl ly 

are made in accordance with the following Table 4 when It i 
desired to finely modulate the characterLtics J TJ^L. 
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^ .ser 

• lys ^ 


• Asn 
Asp 
Cys 
Gin 
Glu 
Gly 
His 
He 
Leu 
Lys 
Met 
Phe 
Ser 
Thr 
Trp 
Tyr 
Val 


gin; his 
glu 
ser 
asn 
asp 
pro 
asn; gin 
leu; val 
ile; val 

arg 
leu; ile 
met; leu; tyr 
thr 
ser 
tyr 
trp; phe 
ile; leu 
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Substantial changes in function (e.g., affinity for 
MHC molecules or T cell receptors) are made by selecting 
substitutions that are less conservative than those in Table 
4, i.e., selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue 
e.g. seryl, is substituted for (or by) a hydrophobic residue 
e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a' 
residue having an electropositive side chain, e.g., i ysyl 
arginyl, or histidyl, is substituted for (or^ by) an 
electronegative residue, e.g. glutamyl or aspartyl; or (c) a 

s^ T, TT ng * ^ Side Cha±n ' P h -y^lanine, is 

substituted for (or by,, one not having a side chain, e.g., 

glycine. 

£ 

The peptides may also comprise isosteres of two or 
"°" resldME ln isogenic peptide. An isostere as 

ZZZZ-TTS " eaqUen0e ° f *"» « "°" reB "«= «*t can be 
substituted for a second sequence because the steric 

conformation of the first sequence fits a binding site 

specific for the second sequence. The term specifically 

*me^"irS- de i aCkb0ne °° difiC " iOTi ' «-» "»~» to those 

T^^Tn.T' " ?dlflC » tio » S -odifiction. 

of the amide nitrogen, the e-carbon, amide carbonyl, complete 
replacement of the amid. bond, extensions, deletion; or 
b^one Crosslins, s^, ^„ Uy , Spatola _ 

Zins""^/^";.''" 1 ^ m '" m " r i 1 r vbi - *" 

mimetic M ° ?1 " <?ati0nS ° f »«» various amino a, .d 

mxmetics or unnatura! amino acids are particularly useful i„ 
ihcreasx^ the ability of the peptide in^dv*. stability 
can be assayed in a number of ways For D "«y 
and various biological media, J? JZJZSZ ^fserT 

have been used to test stability see e « v ! 

y ' SSS, e.g. , Verhoef et al.. 
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Buff Jt Ppiq Metab Pharmacokin. nooi-mi (1986). Half life 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB , 
non-heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stabi 1 ity-specif ic chromatography conditions . 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
actxvity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions 
The spacers are typically selected from , eJg. , Ala, Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amxno acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homb-oligomer . When present, the 
spacer will usually be at least one or two residues, mor^ 
usually three to six residues. Alternatively, the CTL peptide 
may be Ixnked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T heluer 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino" terminus of 
exther the immunogenic peptide or the T helper peptide may be 
acylated. J 
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In .some embodiments it may be desirable to include in 
the pharmaceutical compositions of the invention at least one 
component, which assists in priming CTL. Lipids have been 
identified as agents capable of assisting the priming CTL in 
Ylvfi against viral antigens. For example, palmitic acid 
residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then linked, e.g., via one or more 
linking residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an immunogenic peptide. The lipidated peptide can 
then be injected directly in a micellar form, incorporated 
into a liposome or emulsified in an adjuvant, e.g., incomplete 
Freund's adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via 
15 linkage, e.g., Ser-Ser, to the amino terminus of the 
immunogenic peptide. 

As another example of lipid priming of CTL responses, 
Et QQll lipoproteins, such as 

tripalmitoyl-s-glycerylcysteinlyseryl-serirte (P 3 CSS> can be 
used to prime virus specific CTL when covalently attached to 
an^ppropri»te. peptide. See, Deres et al. f 11^ 342:561-564 
(1989), incorporated herein by reference. Peptides of the 
invention pan be coupled to P 3 CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prxme a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P 3 CSS conjugated to a peptide which displays an appropriate 
epxtope, the two compositions can be combined to more 

30 b ° th hU -°" 1 ^ -^diated responses- ; to 

th in addition, additional amino acids can be added to 

the termxnx of a peptide to provide for ease of linking 
peptxdes one to another, for coupling to a carrier support or 
larger peptide, for modifying.the physical or chemicaf 
properties of the peptide or oligopeptide, or the like Amino 
acxds s H ch as tyrosine, cysteine, lysine, glutamic or aspa^" 
acxd, or the like, can be introduced at the c- or N-ter^u! 
of the peptide or oligopeptide. Modification ai tl'c 
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■^P'ZVm* 6 °» e nay alter binding characteristics of 

^ e n pe P tidc - * n addition, the peptide or oligopeptide 
? e ^ uences can differ from the natural sequence by being 
modif ied by .1:e™inal-NH 2 acylation, e.g. , by alkanoyl ( Cl -c, ) 
or thioglycolyl acetylation, terminal-carboxyl amidation 
e.g., ammonia, methylamine, etc. m some instances these 
modifications may provide sites for linking to a support or 
other molecule* 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques, various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example 
Stewart and Young, Sp U d Pn ^e Pentld. ^^-j- 2d . ed . ' 
Pierce Chemical Co. (1984) , supra . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
...^og^.p^tide. or interest is inserted into an expression 

Ili W ^f 0 ^ ° r tranSfeCt6d int ° * "PPropriatfhost 
cell a nd cultivated under conditions suitable* for expression 
These procedures are generally known in the art, aa^ ^ 

g S f ^ Harb ° r ^ess, cold spring Harbor; Newi^c 

(1982), which is incorporated herein by reference. Thus 

f ^ Vhlth °- - Peptide sequences 

e^e™ X ° n CaR hB USed tO P " Sent ^ appropriate T cell 

^ , codin 9 ^quence for peptides of the length 

for example, the phosphotriester method of Matteucci et-al 
J ! ™™ ^ "3:3185 ("31) , modification can be made* ' 

simply by substituting the appropriate base(s) f or ^ 
encoding the native peptide sequence. The codiha 
^ be provided with " 4 appropriate linked ^ 
expression vectors commonly available in the P art and tH 
vectors used to transform suitable hosts to pro^W 
desired fusion protein, . number of such vectorslfsuitable 
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host systems are now available. For expression of the fusion 
P ro ^^' the coding sequence will be provided with operably 

.* nd - st °P codpns, promoter and terminator regions 
and usually a replication system to provide an expression 
vector for expression in the desired cellular host. For 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences . 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
and/or prevent viral infection and, cancer! Examples of 
diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, Alps, renal carcinoma, cervical carcinoma, 
lymphoma, CMv and condlyloma acuminatum. 

For pharmaceutical compositions, the immunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the acute phase of 
infection can be treated with the immunogenic peptides 
separately or in conjunction with other treatments as 
appropriate. m therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at least partially arrest symptoms and/or 
complications. An amount adequate to accomplish this is s 
defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 

"Z^ f ^ diS?aSG bel * 9 treated ' and general 

state of health of the patient, and the judgment of the 

prescribing physician, but generally range for the initial 
immunization (that is for therapeutic or prophylactic 
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2t i ,?f!- ta " teut 1 -° >g to about 5006 «• <* ■•»«*. 

for - 70 kg patient, followed by boosting dosages of from ' 
about 1.0 «g to about 1000 „, of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
patient's response and condition by measuring specific cn. 

the peptides and compositions of the present invention may 
generally be employed in serious disease states, that is 

it 7JT" tmiJ 1 ~ potmtia "l' threatening situations. 

In such cases, in view of the minimization of extraneous 
substances a™, the relative nontoxic nature of the peptides 
It is possible and may be felt desirable by the tre!tL 

co^:iS,„:. ad " inlSter SUbStMtlal — ^ « — P^Ptide 

«,„ tnerapeutlc UM ' Ministration should begin at 

the first s lg „ of viral infection or the detection or su^,i~, 
removal of tumors or shortly after diagnosis in the casHf 
acute infection. This is followed by boosting dotes ^ti^t 
le-t symptoms -re substantially abated ahd fL a per^ 

^^"os 1B Chr0 " i0 i " fBOti0n ' l0 » ain ' by 
boosting doses may be required. ■ 

Treatment of an infected individual with the 

i^cti"T °' *"* inVMtl ° n "" y haBte " ^-lution of the 
infection in acutely infected individuals. For those 

individuals susceptible <or predisposed) to develop «* • 

infection the composition, are particularly mW^^eT 

for preventing the evolution from acute to chronic W !!f 

Where the susceptible individuals are identified infeotlo »- 

-uri^ infection, for Stance, as Z^^J^ " 

"ministration to a larger population. s 
The peptide compositions can also be used t or *k 
treatment of chronic infection and to stimulate ^e ^1 
system to eliminate virus-infected cells inZr-T 
important to provide an amount of immu^t^"^ " * 
in a formulation and mode of administration^ff t^LT^ 
effectively stimulate a cytotoxic T cell T ^ *° 

-atme,t of chronic infe^a IZ^STJ*'* 
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the range of. about l.o „g to about 5000 >g, preferably about 5 
^| to 1000 „. tor a 70 *, patient per dose. Immunizing doses 
I" 110 "**. * *>°°*i»9 do.es at established intervals, e g 
from one to four weeks, may be required; possibly for a 
prolonged period of time to effectively immunize an 
individual, in the case of chronic infection, administration 
should continue until at least clinical ^ ."^m^, 
tests indxcate that the viral infection has been elimin,,- T 
substantially abated and for a period thereat. " 

The pharmaceutical compositions for therapeutic 
treaty .re intended for parenteral, topical, oral or local 
administration.. Preferably, the pharmaceutical compositions 
are administered parenteral^, e.g., intravenously, 
subcutaneously, intradermal^, or intramuscularly Thus «, 
invention provides compositions for" parenWal aaminlstrlt^ 
Which comprise a solution of the immunc^eni* pepkdes 
dissolved or suspended in an acceptable carried preferably an 
aqueous carriar. A variety of aqueous carriers Jy bT^ 
e.g water, buffered ,,ter, 0 .9% saline, o. 3* glycine 

: ?id ^ •"— ^-Positio's^Tbe 

sterilized by conventional, well- tao™' sterilization 
techniques, or may be sterile filtered. The resuliLo 
solutions may be packaged for use as is « Iv^l^ , 
lyophilized preparation being combined »Z I " ' *"* 

prior to administratis <™. ° D " lea vith " sterile solution 
. iStratlon " compositions may contain 

Offering .^ts. ^^^ ^^^ 
agents anS the like , ..."..» wett 4-ng 

-—.sodium^ 

-oride. «rbita„ monolaurate. triethano"^ ^. e^c 
The concentration of err i. 

selected; primarily by fluid volumes. Climes T 
accordance with the particular mode of 
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? • ; The peptides of the invention may also be 

administered via, liposomes/ which serve to target the peptides 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like! in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions . Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 

ohosn^f T ■*T ea * ^ neUtral ne ^vely charged 

Phospholipids and a sterol, such as cholesterol. The 

selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream; A variety of methods are 
available for preparing liposomes, as described in, e.g 
szoka et al., Ann. Rev. Bl»»h yg | p ^ Tn ^. 1)rr (1J „ . * *' 
Patent Kos. 4,235,871, 4,501,728, 4,837,028, and S^IS^^,* 
incorporated herein by reference. 

For targeting to the immune Cells, a ligand to be 

or C frZ at f tT ^ liP ° SOae CM lnClUde ' antibodies 
or^fragments^thereof specific for cell surf ace determinants of 
the desxred xmmune system cells. A liposome suspension 
contaxnxng a peptide may be administered intravenously 

^ ^°^ ally ' etC * ^ 3 d ° Se WhiCh ^ — ^ *<>, 
Utez alia, the manner of administration, the peptide being 

delxvered, and the stage of the disease being treated 
carrie _ For solid positions, conventional nontoxic solid 
carrxer* may be used which include, for example 

Pharmaceutical grades of mannitol, lactose starch « 
steai- a *-*> „ , . ' e ' starch, magnesium 

stearate, sodxum saccharin, talcum, cellulose, glucose! 
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sucrpse, magnesium carbonate, and the like. For oral 
administration, a pharmaceutical^ acceptable nontoxic 
composition is formed by incorporating any of the normally 
employed excipients, such as those carriers previously listed 
and generally 10-95% of active ingredient, that is, one or ' 
more peptides of the invention, and more preferably at a 
concentration of 25%-75*. 

For aerosol administration, the immunogenic peptide* 
are preferably supplied in finely divided for- along with a 
surfactant and propellent. Typical percentages of peptides 
are 0.01%- 2 0% by weight, preferably l%- 10 *. Th e surfactant 
Bust, of course, be nontoxic, and preferably soluble in the 
propellent. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 

linoleic, linolemc, olesteric and oleic acids with an 
aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides nay be employed 
The surfactant may constitute 0.1*-20% by weight of toe 
composition, preferably 0.25-5%. The balance of the 

deluded, as desired, as with, e.g., lecithin for intranasal 

In another aspect the present invention is directed 
to vaccines which contain a. .„ active ingredient an 
immunogenically effective amount of an immunogenic peptide as 
described herein. The peptidefs, may be introduced^ « 
host, including humans, linked to its own carrier or"s a 
homopolymer or heteropolymer of active peptide units Such » 
polymer has the edvantage of increased immunologTcat're!^ 
«d, where different peptides are used «. 

the additional ability to induce antibodies and/ or ^2!^' 
react with different antigenic determinants of Z ta^T 
tumor cells. Useful carriers are.well known in tne S Z> 
delude, e.g., thyroglobulin,. albumins such as bovInHerT 
albuma^tetanus toxoid, polyamino acids such as 
Poly(lysine:glutamic acid) , hepatitis B virus core protein 
hepa tl tis B virus recombinant vaccine and the like. ^ 
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vaccines , can ; also con-tain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Freund • s adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials well 
known in the art. And, as mentioned above, <bn. responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P 3 css. upon immunization with a peptide composition' 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. - 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen an<f thus enhance the 
patient's own immune response capabilities, such an amount is 
defined to be an "immunogenicaliy effective dose." in this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc. , but generally range from about 1 o 
/ig to about 5000 /ig per 70 kilogram patient, more commonly 
from about 10 „g to about 500 ^g mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest 
particularly to viral envelope antigens. 

For lOierapeutic or ^ immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
vxral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that encode the peptides of th e • 
invention, upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccxnxa virus expresses, the immunogenic peptide, and thereby 
elxcxts ; a host CTL response. Vaccinia vectors and methods 
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us ? ful in i^^nizatipn protocols are described in, e.g., U.S. 
Patent No. 4,722,848, incorporated herein by reference. 
Another vector is BCG (Bacille Calmette Guerin) . BCG vectors 
are described in Stover et ali (fiatHEfi 351:456-460 (1991) ) 
which is incorporated herein by reference. A wide variety of 
other vectors useful for therapeutic administration or 
immunization of the peptides of the invention, e.g., 
Sa l mone ll a tYPhi vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo , 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or tumors in patients that do 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy. Ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
weeks), in which the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or, a tumor cell) . m order to optimize the 
in vitro conditions, for the generation of specific cytotoxic T 
cells, the culture of stimulator cells is maintained in an 
appropriate serum-free medium. v ... 
; ' Prior to incubation of the stimulator cells with the 

cells to be activated, e.g., precursor CD8 + cells, an amount 
of antigenic peptide is added to the stimulator cell culture 
of sufficient quantity to become loaded onto the human class' I 
molecules to be expressed on the surf ace of the stimulator 
cells, m the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
,200 or more, human Class r hhc molecules loaded with peptide 
to be expressed on the surface of each stimulator cell 

plpt^ ly ' ^ St ^ Ulat ° r CellS incub ^ d Vith >20„g/ml 


10 
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^-Resting or precursor CD8+ cells are then incubated in 
CU 3 ture with the appropriate stimulator cells for a time 
Period sufficient to activate the CD8+ cells. Preferably the 
CD8 t Pells aresaPtivated in an antigen-specific manner . The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
nay further depend upon variables such as the amenability of 
an individual's lymphocytes to culturing conditions and L 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. or 

reconn . f . The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific^ 
class I molecules on APC. The number of specific MHC/!el^ 
comp^per APC is crucial for the *tJL^£*£^ 
particularly in primary immune responses while 1 vT' 
o, peptide/HHC complexes per cell L ^f i^ ITllZlT 

^ re~ lb L C t0 lySlS by ~ tG a sectd^ 

CTL response, the successful activation of a CTL precursor- 

(PCTL, during primary response requires a sign^icanZ hi H 
number at MHr/n^f^. , ynir leant ly higher 

M Wh ? complexes. Peptide loading of empty 

»a 3 or histocompatability complex molecules on cells a iT „ 
induction of primary cytotoxic T lymphocyte r e »on 

responses. jr"»wna.e T lymphocyte 

Since mutant cell lines do hot exist fU- 
HHC allele, it is advantageous to use a t^h 
endogenous mc-associated peptides from T 
^o„ed by ^ ding ^ r ZL^j£Z So 6 motecules'wi^'tK 
immunogenic peptides of interest. The use of „ITI ' 
(non-tumorigenic, . non-infected cells, and pLZlZT^ 
autologous ceils of patients as APC is des ir^for ^he 

of m induction protocols directed torsive 0 pment 
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of e* vivo CTL therapies. This application discloses methods 

for stripping the endogenous MHC-associated peptides from the 

surface of APC followed by the loading of desired peptides. 

A stable MHC class I molecule ±s a trimeric complex 

formed of the following elements: . 1) a peptide usually of 8 - 

10 residues, 2) a transmembrane heavy polymorphic protein 

chain which bears the peptide-binding site in its al and a2 

domains, and 3) a non-covalently associated non-polymorphic 

light chain, ^microglobulin. Removing the bound peptides 

and/or dissociating the /^microglobulin from the complex 

renders the MHC class I molecules nonfunctional and unstable 

resulting in rapid degradation. All MHC class j molecules 

isolated from PBMCs have endogenous peptides bound to them 

Therefore, the first step is to remove all endogenous peptides 

bound to MHC class I molecules on the APC without causing" 

thexr degradation before exogenous peptides can be added to 
till em « 

_ ■ IVo possible ways to free up MHC class I molecules of 

■£r*rn£~ inClUdC l0Wering temperature ^om 

37 c to 26-C overnight to destablize ^microglobulin and 

stripping the endogenous peptides from the cell using a mild 

acid treatement. The methods release previously bound 

peptides into c the extracellular environment allowing new 

exogenous peptides to bind to the empty class I molecules 

The cold-temperature incubation method enables exogenous * 

peptides to bind efficiently to the MHC complex, but requires 

an overnight incubation at 26-c which may slow the cell ^ 

0li Y ate - " 18 alS ° cells not actively 

synthesizing MHC molecules (e.g., resting pbmc, would not 
produce high amounts of empty surface MHC molecules by the 
cold temperature procedure. 

These .ethods are not feasibie tor en. induction, since it is 

*PC viability and an optimal netabolic state which is critiL 
*or-.„tiae„ presentation. „ii d acid solutions o f pH ■ 
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glycine or citrate-phosphate buffers have been used to 
identify endogenous peptides and to identify tumor associated 
T ?~ e11 e Pi*opes. The treatment is especially effective, in 
? that only the MHC class I molecules are destabilized (and 
associated peptides released) , while other surface antigens 
remain intact, including MHC class II molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4«C and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specific APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specif ic CD8+ CTL. 

_ Activated GD8 + cells may be effectively separated 

S ^ Ulat ° r CellS Usin * ~ «* . variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto^e^i^ 
cells, or for the CD8 + cells (or a segment thereof , may be 
utilized to bind their appropriate complementary li gan *. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
methods"" Well " kn ° Wn ^unoprecipitation or immunoassay 

cellB Active, cytotoxic amounts of the activated CD8+ 
cel^s can ^ary between in vitro and In vivo uses, as well as 
with the amount and type of cells that are the ultima" ta" 
of these killer, cells. The amount will also varv h V 

.condition of the patient and should ^L^^T^ ^ 

^llTl ^ a " -ctors by the practilLner. 

^efera^ly, however, about 1 x 10 « to about 1 x lo", *ore 
preferably about 1 X 10* to about 1 x lo", and even morl 
P|e|erably, .bout x x *o* to about i x lo" activa^L 

5^ ^^ Ui8ed ^ P-ed to about^ x l0 « 
5 X K. «sed in mice. out 5 X 10 

cells are ^ eferably# aS diSCUSSed ab ° VS ' ^ *<**vated CD8 + 
cells are harvested from the cell culture prior to 
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^^?? ti0 ? °* 0,6 CD8+ to the individual being 

* TrX* 1 " to note, however, that unlike other 

present and proposed treatment modalities, the present method 
uses a cell culture system that is not tumorigenic 

S ^T!' " «* "timulatbr ceils and 

actuated CD8 + cells is not achieved, there is no inherent 
danger known to be associated with the administration of " 
»a41 nu^er of stimulator cells, vher... administration of 
^ mammalian '^-promoting cells may be e«rem.ly hazardous 
known ln " ° f re - into oducing cellular components are 

■cnovn in the art and include procedures such as those 
exemplified in U.S. Patent Ho. 4,844 893 *„ „„ „ 
• Patent Ko. 4. 69 0. 91S to R os^" ^ ~ 

The immunogenic peptides of this invention , 
be used to make monoclonal antibodies. S^Tnti Wi 
useful as potential diagnostic or tnerapeu^c * ^ ^ 

The peptides may also find use as diagnostic 

treatment protocol o/in deling r^is" oT" 1 "' 
affected individual t« .aw Prognosis for an 

used to predict ^^'^ r^"*^ ^ 
for developing chronic infection" -»^antial ris* 

ln '; ThG £ollov ing examples are offered by way of 
,.. Illustration, hot by way of limitation. 

Example j ^ 
Class T anticr^n irN ^ rtr , n 

-emeisVrnt^i^e^ 

^ * xu ceils) , harvested by -centri /- 
washed. All cell Hnoc „ ' ' '. ce ««-ifugatxon and 

^^^tTS.",^^ 4 " "» -edia 
with 10 % fetal bovme serum (fbs) and 
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o^, a^biotics. For large-scale cultures, cells were grown in 
'< f° Uer culture in RPMI 1640 with 10% FBS or with io% 

horse r|! erum and antibiotics . Cells were harvested by 
- ^ntrifugation at ^I5b0 RPM lEC^CRUSOOO centrifuge with 259 
5 rotor and washed thrSe times with Phosphate^buf f ered sa!L 
(PBS) (0.01 M PO<, 0.154 M NaCI, pH 7.2). 

Cells were pelleted and stored at -70 - C or treated 
with detergent lysing solution to prepare detergent 
Cell lysates were prepared by the addition of stock „l/ 
10 solution C« KP-40 (Sigma) or Kenex 30 t^T^T^ 
Corp., Westbury, NY H590), 150 mM Nad, 50 mM Tris DH t 

x^ceT - lletS counted) at a ratiT 'of^i 0 

x 10 cells per ml detergent solution. A cocktail " 
inciters was added to the pressure* J^XT^ 
S detergent solution Mediately prior to ^ addltio ~* _ 
cell p. lle t. Addition or tne protease in^C^^ 
Produced final concentrations of the following- " 
Phenytaethylsulfonyl fluoride (PHSP) , : «. " lnl „ s 
leupeptin, io ■ 0gm , pepstatin, 10 

srr££ .T.rfoTi', 3 n9/ r- — - 
^eix 5 - 10 „ 10 , -j- zz&zzz 

detergent solution. The lysate was clarif ied by 
centrifugation at is,000 * g f or 30 »i»ut«, atTc and 

rteTrt^::„:r e — — . ... „ 

Antibodies were ourW* ^ (C ° rnin 9 25160-225) . 

AeB were purxfxed from clarifion 

by ammonium sulfate fracti « AT * CUlture m ^ium 

Buxzate fractionation followed bv aff^^ 
cartography on protein-A-sepharose (Si^ 
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in a minimum volume of PBS and transferred to dialysis tubing 
(Spectro/Por 2, Mol. wt. cutoff 12,000-14,000, Spectum Medical 
Ind.). Dialysis was against PBS (£20 times the protein 
^solution volume) with 4^6 changes of dialysis^ buffer over a 
24-48 hour period at 4'C. The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN NaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
was prepared. A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG. 

The protein sample was loaded onto the prbtein-A- 
Sepharose column using a peristaltib pump for large loading 
volumes or by gravity for smaller volumes (<100 mi)V The 
column was washed with several volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was e luted using o.l M citric 
acid at suitable p H (adjusted to the appropriate p H with IN 
NaOH) . For mouse IgG-i p H 6.5 was used for lgG2a pH 4.5 was 
used and for ig G 2b and lgG3 pH 3.0 was used. 2 if Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280) were pooled, diaiyzed against PBS 
and further concentrated using an Amicon stirred Cell system 
(Amxcon Model 8050 with YM30 membrane). The anti-A2 mAb 
BB7 2 and the anti-A3 mAb, GAPA3 , are particularly useful for 
affinity purification. 

™~»^ j The HLA-A antigen was purified using affinity columns 
prepared with mAb-cpnjugated Sepharose bekds. The affinity 

nJTT 112 P ^rr d ^ ^^S^r 0se beads 

(Sxgma) with affinity-purified mAb as described above. Five 
t. 10 mg of mAb per ml of bead- is the preferred ratio. The 
mAb bound beads were washed with borate buffer (borate buffer- 
100 mM sodium tetraborate, 154 mM NaCl, pH 8 l 2) until the 

In 20" TJZZ*^ Une - DiMt ** X P^limidate (,0 mM, 
xn 200 mM trxethanplamxne was. added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et ! ^ 

257:10766 U982) * ^ incuba ^ ior 45 minutt 
at room temperature on a rotator,, the excess crosslin3cing 
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; ^ mre »oyed by cashing the beads twice with 10-20 ml 
of 20 BM. ethanolamina „n „ , „ ™ " " BI 

i,^,^ ' P Between each wash the slurry 

-as Placed 0 „ a, rotator for 5 Minutes at room t^^^t-rT^ 
The bead, were washed- with borate buffer and with pbs ^ 
5 0 ? 02* sodium a«ide, no with PBS plus 

«,„., , r° lySatB (S -" X equivalents) was 

then slowly passed over a 5-10 ml affinity oolumV (flow " e 
of 0.1-0. 25 ml per minute) to allow the bin^JTV f 
to the Wbiii^d antibody. ^ £ a ^"- 
pass through the column, the column was wished serially 
with 2. column volumes of detergent stock solutio^us o 
sod 1U m dodecyl sulfate, 20 column volumes of o 5 h ™ 
Tris. p„ a.o„ and 10 column volumes of 20 Z'o ~ 

The UU^ antigen bound to the mAb was 
buffer solution (so mM diethylamine in water, Tan 
alternative, acid solutions such as o.is-o 25 „ fL! • 
were also used to elute the bound teti^n L 
eluate (1/so, was removed for prote" ^LJ? ~ "* **" 
either a colonic assay (JL^TS^l^ 
PAGE, or both, sds-pase analysis was I * 

by Laemmli (taemmli u K H «!" Performed as describe 

■ Nattire 227:680 (19701. „ e i«„ 

amounts of bovine serum albumin (Sigma) as WW " °™ 
Allele specific antibodie.Tere UsedT , "^'^ 
specific MHC molecule. ln the case oT,L if * * 
BB7.2 a„dOAPA3 were used respect"^ ^ J^^ 
analysis of purified H^.2 S^H* « 

<10 ml, was prepared with protein A^senha™ " fU, " y COlUm 

the monoclonal antibody caL whLn aTSic^ 2^ ^ 
detergent lysate of Svio* P ltlc * or HIA-A3.. a 

** column was washed ^I^rTV*"* ^ 
-olecuies were eluted from.be ^"w i^o^a"^- 2 
50 ml. One „l of the e l ua f 0 u 0.15M acetic ( acid, 

concentrate the sarnie ~ e 

Leammli Simple buffer and 20 ,1 !ere "oale^ "f ^ ?° "» Wit * 
contained molecular weight standard ^ ' 
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galactosidase, liekD; phosphorylase B, 9 7. 4 kD; bovine serua 
albumxn, 66. 2kD; ovalbumin, 45kD; carbonic anhydrase, 3 IJcD- 
soybean trypsin inhibitor, 21.5XD; and lysozyme , 14 . 4kD . ' 
Standi concentrations df bovine albumin were run in 

5 lanes 8, 10 M g, 9, 3 pg, and 10, i M g to aid in the estimation 
of protein yield. For this particular HLA-A3. 2 preparation 
the estimated yield was approximately 112 fig. 

For HLA-Ali, A24.1 and Al, an alternative protocol 
was used whereby anti-HLA-B and C monoclonal antibodies were 
0 used to deplete HLA-B and C molecules. The remaining hla-a 
molecules were subsequently purified using the W6/32 mAb as 
described below. 


Based on the density of class I expression as 
indicated by the results of immunofluorescent staining 
analysis, it is anticipated that average yields of class I 

800^" 1S ° lated f fo n ^ * Cel1 lineS range from 

800-1200 fig per 10" cell equivalents. 


Examply 7i 


rT>"» n vg wxasa x Pli nfinaf <aw - - ^_ . 

B1 2 , , "° leoulas KBM isolated using the mAb 

Bl 23.2 which detects .„ epitope expressed by HLA-B *„d c 
allele molecules, but not by hla-a antigens. The *Ab „6 /32 
detects all human class I molecules, including mj?\£*' 
As mentioned above, these rnAbs react veil witl^ f *^ 

viTrrouse" J'lirthaTe" " »<* "act 

„„„ . * expresses a transfected HIA-A2 i 

protein or a chimeric A2.1 mouse K» molecule it Z~ 
Vith the human cell line. e» (Alexander et at " 

K*-A, a»d B .olecules, but expresses low levels of hla-c 

^ l nl ^ P " tern ° f "^ity illustrates Z W 

Bl.23.2 mAb can be used to deplete the B „n , 

and c molecules. Piete the B cell lysates ox HLA-B 

Affinity columns were prepared using th« "<\. 
Purified ,1.23.2 and „ S/ 32 mAbs, respective^ « a 
above Tho ^ "actively, as described 

bove. The procedures for the preparation of the affinity 
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qplumns^are essentially identical to the procedures described 
for, the preparation of the aiieie-specif ic mAb columns 
, described, above. The Bl.23.2 mAb affinity column .was used to 
deplete ^he detergent iysates of HIA-6 and C molecules using 
the protocol as described above. The cell lysate depleted of 
HIA-B and C was then passed over a W6/32 mAb affinity column 
The HHC molecule that was eluted from this second passage^ 
the A allele product. , 9 was 

This alternative affinity purification is useful for 
the purification of any KLA-A allele product, and does not 
rely^the need for alleie-specif ic mAbs. i» addition, it 
could also be used to isolate any class I molecule type from 
transfected cell lines. 


^™en C1 n 0 of na 


mM dio«,v, ^ preparations ""rived from the base (SO 

m diethylamine, elution protocol, the eluate was Mediately 
neutrally vith 1 N acetic acid to pH 7.0-7.5. ^^^^ 
neutralized eluate was concentrated to , volume of 1-2 ml in 
an^con stirred cell (Model 8050. with YH3 .Cranes 

addeH I. **" " X °' «— (0.0! M. pB 8.0, was 
added to the concentrator to remove the non-volatile salte 
and the sample „a. concentrated to approximately x ml ?' 
small sample (1/50) was removed for protein oJt it .» 
described above. The „„.,„^ protein quantitation as 

■•>.. auove. The remainder was recovered into a is «i 
Polypropylene conical centrifuge tube (Pa ico„ T 9 * " " 
OiCcinson,. oiacial acetic acid was aided "'o^ 
concentration of 1M .cetic acid. The acidif iedlample vat 
Placed in a boiling water bath for s minutes to allow , J L 
aissociation of the bound peptides. The sample was^oolli. 
ice returned to the concentrator ^ the finale tt as 
collected, Additional aliouots of 10* acetic acid <l \ 
W "" «=° *he concentrator, and this fllLa!. ' 

^ r ; wa « ad <ied to the concentrator/ and this fiitr,f 
pooled, as well S filtrate was 
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The retentate contains the bulk of the HLA-A heavy 
chain i and B 2 -microglobulin, while the filtrate contains the 
^ tUrally Pt?****** 1oo ^ ld Peptides and - other components with 
~'-^le«^M'w«l^^\ie«s s ..«ian about 3000. The pooled filtrate 
material was lyophilized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized sample 
was dissolved in 50 /tl of distilled water, or into 0.1% 
trif luoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Beckman 
CIS Ultrasphere, 10 x 250 mm) , using a gradient system 
described by Stone and Williams (Stone, K.I*, and Williams 
' KwR., in, Macromolecular Sequencing and Synthesis; Selected 
Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24 
Buffer A was 0.06% TFA in water (Burdick-Jackson) and buffer fi 
was 0.052% TFA in 80% acetqnitrile (Burdick-Jackson) i The 
flow rate was 0.250 ml/minute with the following gradient- o- 
60 min., 2-37.5% B; 60-95 Bin., 37.5-75% B; 95-105 min., 75- 
98% B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 
(Fig. 3) . Whether a given peak represents a single peptide or 
a peptide mixture was not determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pooled peptide fractions, prepared »b described above 
were analysed by automated Edm^, sequencing using the Applied 
Biosystems Hodel ,77A automated sequencer. The sequencing 

t^t^ f 8ed ^ teohnio -? developed by Pehr Edman i„ 
the wsos for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 

Acids * ,'.■*■*■ 

^ The protein or peptide to be sequenced was held by a 
12-mm diameter porous glass fiber filter disk in a heated 
argon-purged reaction chamber. The filter was generally pre- 
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a treated with MbBrerie Plus™ ^ ^ cycle<J through Qne or 
more repetitions of the Edman reaction to reduce contaminants 
and improve the efficiency tit subsequent sample sequencing 
Following the pre-trfea^nent of the filter, a solution of the 
sample protein or peptide (10 pmol-s nmpi range) was loaded 
onto the glass filter arid dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. * y 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. In coupling step 
phenylxsothiocyanate (PITCj is added. The PITC reacts 
quantitatively with the free amino-terminal amino acid of the 
protexn to form the phenylthiocarbamyl-protein in a basic 
envxronment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile 
organxc afcid, trif luoroacetic acid, TFA, is used to cleave the 
PXTC-coupled amino acid residue from the amino terminus of ^e 
Protein yielding the anilinothiazolinone ( ATZ ) , ,der ivat ive of^ 
the amxno acxd. The remaining protein/peptide is left with a 
new amxno terminus and is ready for the next , 
atz • « . 1 next Edman cycle. The 

tllTZ " "* t " 0tBd to.- conversion 

flask where upon addition or 25% TFA in water, the ATZ Mlno 

-xno acid that can be identified and quantified following 
automatic injection into the Hodel x 2 o PTH A-.aiv J w^ uses 
. -xcrohore c-18 reverse-phase HPLC co lw , for ^ JJ^T 
1=»h „ . Present procedures, peptide, .lixtures were 

loaded, onto the glass filters. Thus, a .i„ gle a»i„o a"d" 
sequence usually does not result. ' tother, LttureTof at* 
res^iduf is""" 6 " yiEld j**** ^ ^ P^IIT 

"creas.r y ~rth:r 9 ^ T*- — * . 

sea yxela for that amxno acid is observed. 


Example 4 

pefjnition of a n 2 sr.Pr<f< ^ 
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There is some ambiguity in the international 
nomenclature of A3 alleles. The A3. 2 allele herein is 
expressed by cell lines EHM, HO301, and GM3i07. This 
particular subtype is currently referred to as the 3.2 allele 
(Yang, in ImffiunobjolpgY of fffift, Vol. 1, Dupont ed., Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., EUPO J,, 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
in EHM cell line. The HIA-A3.2 encoded by the A* 03 01 gene 
referred to in this document is the commonly expressed HIA-A3 
allelic form. 

in one case using MAT cells,' pooled peptide fractions 
prepared as described in Example 3 above were obtained from 
HIA-A3.2 homozygous cell lines, for example, CM3107. The 
pooled fractions were HPLC fractions corresponding to 7% to 
19% CH3CN. For this class I molecule, this region of the 
chromatogram was most abundant in peptides. Data from 
independent experiments were averaged as desqribed below. 

The amino acid sequence analyses from four 
independent experiments were analyzed and the results are 
shown in Table 5. For each position except the first, the 
data were analyzed by modifying the method described by Falk 
et al. to allow for comparison of experiments from different 
HLA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type . 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one Edman degradation 
cycle) and 16 columns (each representing one of the twenty 
amino acids; w, c, R and H were eliminated for technicals 
reasons. The data corresponding to the first row (first 
cycle, was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.). The 
values of each row were summed to vie id » f„f S i' 
for th»* , t0 vxeld a total pmoles value 

for that: partxcular cycle. For each row, values for each 

a :: d d rr ^ divided by ^^^^y^ 

value, to determine what fraction of the total signal is 
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f^jpable tP each amino acid at each cycle. By doing so, 
an ^solute Frequency" table was generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. . . 

Starting from the absolute frequency table a 
-relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Ther eac h 
value was divide* next by the average columl value tTootal 

^ ! !/ re9UenCy ValUeS * T ^ Se Values ^-ntitate, in a 
standardized manner, increases and decreases per cycle for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 

fSr^! 96 ^ f 9enerate ^ ^tive fre^ ^ 
(and thexr standard deviations, . All standard deviations can 
then be averaged, t P estimate a standard deviation value 
applxcable to the samples from each table. Any particular 
value exceeding 1,00 by more than two standard devlat"^^ 
considered to f corresppnd to a significant incre^ 

The results of the foregoing analysis for HIA-A3 2 
were as follows: at positions a 2 2-foi* * 

fv\ i ~ a 2.2-fold increase in valine 

(V, wxth lesser increases (i.s-1.7, for structurally similar 
resxdues leucine # , and methionine (M , . At position 3 
tyrosxne (Y , and aspartic acid (D) sh oWed increases L 
frequency. At position 7 isoleucine YU wS,« i 

positioh 8 asparagine (N) and ^creased, and at 

At T ? an* giutamxne (Q , were increased. 

At posxtxons 9 and 10 l VR { na , vx . ™ a ' 

r u » Aysxne (K, was increased more than 2- 
fold over the expected random yield. 

PTH-trvnt C ^ teine — n0t " 0dified thus not detected. 

PTH-tryptophan coeluted with diphenylurea and 

experiments, PTH-arginine coeluLd w^Hne I 

of PTH-threonine. Therefore, '^^T^ T ^^ive 

detectable and arginine is ^^^^^T^ ~V 

threonine. . " » the absence of 

Previously described MHC structures ■ ^ 

°f critically conserved residues at posiWon 2 ( Tr 3 , ^ 
tWc terminus (either position , or io^es! res!/* " 
referred to as -conserved- residues. JL ZltllZlT 
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analysis of this invention considered the conserved positions 
* at the N and C terminals. 

Thus, the HLA-A3.2 motif should have position two 
occupied by V, L or M, a length of 9 or 10 amino acids, and a 
C- terminal position occupied by K. 

TABLE 5 
Summary 

HLA-A3.2 Allele-Soeeif^ M?t1f 

Conserved 
Position Residues 

1 

2 V,L,M 

3 Y,D 

4 - 
5 

6 

7 I 

8 Q,N 

9 K 

10 K 

Example «; 

Definition of "hla-ai -specific W p p t td«i w » r1f ff 

HLA-A1 molecules were isolated and their naturally 
processed peptides characterized, as described in Example 3 
above. In one case using HAT cells, pooled fractions 
corresponding to 19% to 50% ch 3 CN were used. As in the 
preceding example, residues showing at any given position 
except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. On the basis of these data, only Serines (S) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid ' (E) were elevated and 
at position 9 and io tyrosine (y, showed a marked increase. 
Other increases noted were proline (P) at position 4 and 
leucine X (L) at position 7. Therefore, the motifs for HIA-A1 
based on these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 amino acids and a 
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C-terminal residue of y. Alternatively, another motif would 
comprise a D or E at position 3 together with a C terminal 
residue of* v 


residue of Y. 

„ ' ~ " ' TABLE 6 

Summary 

Conserved 
Position Residues 

1 

2 S, T 

3 D,E 

4 P 

5 _ 
6 

7 L 
8 

9 y 
Example $ 

P*ttnlt1g HT.H11 nn. T ,., , j 

HIA-Ali motifs were defined by amino acid fi « m , M 
analysis of pooled HPLC fra e ti«„« < sequence 

^o f "2:°^r '""^ =ell line BVK. on tne 

bas« of the data presents In Table 7, a aotif for All 
consists of a conserved residue at position 2 of !L • 
^.V,, ^ ^. » .^J* a^dTandT 

inereT^ < """"" ° f .00 . At position 3 

increases in —thiohin. (M) and phenylalanine m were a^L 
seen, am, at position r %£uta»ine < Q) „.s i„ CT JI' ^ 


(Q) was increased, 

TABLE 7 
Summary 

_ ,: . Conserved 
Positipn Residues 

1. „ . _ 
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30 


35 


47 

5 
6 

7 - . 

8 Q 

9 K 

10 K 


Exanrole 7 

Def i n i tion of m*-A24.t s^if^ Pept ;i^ M rtlfr 

HLA-A24.1 allele-specific motifs were defined by 
amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% ch 3 cn of HPLC fractionated peptides 
eluted from HIA-A24.1 molecules purified from the cell line 
KT3. on the basis of the data presented in Table 8 a motif 


15 for HIA-A24.1 consists of a conserved residue at position 


2 


, # — ~- fwo^ UXUU 

occupied by tyrosine. (Y) , a peptide length ol 9 or 10 amino 
acids, and a C-terminal conserved residue of phenylalanine (F) 
or leucine (L) . increases were also observed at several other 


positions: isoleucine (I) and methonine (M) at position 3; 
aspartic acid (D) ,. glutamic acid (E) , glycine (G) , lysine 
and proline (P) at position 4; lysine (K) . methonine (M ) and 


asparagine (N) at position 5; valine (V) at position 6- 
asparagine (N) and valine (V) at position 7; and, alanine 


■ . . . 1 ' ^""n '/ and, alanine (A). 

Summary 


Position 

1 
2 
3 
4 

" 5 
6 
7 


Conserved 

Residues 


Y 

I,M 

D,E,G,K,P 

L,M,N 

V 

H,V 


WO 94/03205 

PCT/US93/07421 

48 

8 

A,E,K,Q,S 

9 F,L 

10 r,A 


Exanp1 ? r 


Identifi nation of i^nnn^n^ p«mri flr .. 
Using the motifs identified above for various MHC 
class I allele amino acid sequences from various vi-ai aTd 

10 ^i" s" r T ed Pr ° teinS ^ Maly2ed «- ~- - e lse 

10 motifs. Sequences for all of the target antigens were 

obtaxned from the GenBank data base (Release No. 71.0- 3/ 92 i 
The xdentification of motifs was done using the 
program (Devereux, Haeberli and Smithes' Y 1984 1 m ^^^^^ 
Research JL2X11; 387-395) . C 4) * MUCleXC Acids 

15 en codiB ^ amin ° aCid S6qUenCe ° r **• nucleotide sequence 

9 1 CMAGE-l), a sin gle sequence exists 
In the cases of Hepatitis B Virus imri t, \* , 
Virus mnn — ^ « us (HBV) , Hepatitis C 

virus (HCV>, and Human Immunodeficiency virus fHTvt = 

* w ^ypes. In order to avoid renn«^i 
sequences, all of the adr -oti* * "Potion of identical 

adw and ayw that art^o^ ^ ^ifs from 

ayw tnat are not present in adr were a^^ «- 
of peptides. added to the list 

In the case of HCV, a consensus sequence frn, 

» ™r s M ::L to 3010 — s — ^r^r--- 

•uwiyzea. Motxfs common to all the i fio i a f„ 

«d add^ to the peptide list "<=-ti f ied 

Finally, a consensus sequence for bt» ... 
Horth African viral isolates {1 £ a vi^JT * *" 

1 " vxruses) was obtained 
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from the lx>s Alamos National Laboratory database (May 1991 
release) and analyzed in order to identify motifs that are 
constant throughout most viral isolates. Motifs that bear a 
small degree of variation (one residue, i„- 2 forms) were also 
added to the peptide list. 

Several motifs for each allele shown below were used 
to screen several antigens. Protein E6 of human papilloma 
virus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9) . Protein E7 of HPV type 
18 was also searched for motifs from all alleles (Table 9) 
Melanoma antigens MAGE 1. 2 and 3 were searched for motifs 

ZTitT* &11& ^ B (TablC 10> * ^ anti9en PSA Was — «*- ^r 
motifs from all alleles (Table 11) . Fi„ a n y , core and 

^iTLr 0 ^ 1 " frOD hepatitis C Vi ™ «■» also searched 
(Table 12) . m the tables and the description of the motifs 

z Te^r'r 1 symbo1 ietter for each °* in ° ac±d — «~ 

The letter -x- represents a wild card character (any amino 


a 

acid) . 


search: 


The following motifs were screened in the present 


For HT.A- M fftrMft1] . 

1 XSXXXXXXY 

2 XSXXXXXXXY 

3 XTXXXXXXY 

4 XTXXXXXXXY 

5 XXDXXXXXY 

6 XXDXXXXXXY 

7 XXEXXXXXY 
• XXEXXXXXXY 

For HT)A-A3 . ? (A»"-»?i ) 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
x « XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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^.-.For.,^-^^ f a*i i n.1 * ♦ " 
. ^ > XTXXXXXXK " ■ 
XTXXXXXXXK 
•>>*' - - 3,c: XVXXXXXXK / • • 

4 XVXXXXXXXK * 

For HT.A-A?4.1 fA+OA^). 

1 . XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 


Peptides with MHC Class I Binding Motifs 


Table 9 
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AA Position 


10 


15 


20 


25 


^ Sequence 

30 IHDIILECVY 
69 VCDKCLKFY 
77 YSKISEYRHY 
80 ISEYRHYCY 

92 6TTLEQQYNK 

93 TTLEQQYNK 
106 LLIRCINCQK 

2 HGDTPTLHEY 
16 QPETTDLYCY 
44 QAEPDRAHY 
89 XVCPICSQK 

3 RFEDI*TRRPY 

4 FEDPTRRPY 
25 LQDIEITCVY 
41 LTEVFEFAFK 
72 YSR1RELRHY 
84 SVYGDTLEK 

101 LLIRCLRCQK 

59 HTMLCMCCK 


51 

Antigen 

HEV16.E6 
HPV16.E6 
HFV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 

HPV16.E7 
HPV16.E7 
HPV16.E7 
HPV16.E7 

HPV18.E6 

H^V18.,E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HFV18.E6 

HP VI 8 . E6 


HLA molecule 

Al 

Al 

Al 

Al 

All 

All 

A3 

Al 
Al 
Al 

A3, All 

Al 

Al 

Al 

All 

Al 

A3, All 
A3 


HPV18 . E7 A11 
Human Papilloma Virus 16 and 18 (E6 and E7 Proteins) 
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Peptides with MHC Class I Binding Motifs Table 10 
AA Position Sequence Antigen HIA molecule 


10 


15 


20 






2 SLEQRSLHCK 

} ' MAGE 

1 

A3 

96 SLFRAVITK 

MAGE 

1 

A3 

96 SLFRAVITKK 

MAGE 

1 

A3 

108 DLVGFLLLK 

MAGE 

1 

A3 

128 MLESVIKNYK 

MAGE 

1 

A3 

128 MLESVTKNY 

MAGE 

1 

Al 

152 QLVFG1DVK 

MAGE 

1 

A3 

161 EADPTGHSY 

MAGE 

1 

Al 

182 LLGDNQIMPK 

MAGE 

i 

A3 

215 WEELSVMEVY 

MAGE 

i 

Al 

223 VYDGREHSAY 

MAGE 

i 

Al 

238 LLTQDLVQEK 

: MAGE 

i 

A3 

239 LTQDLVQEK 

'MAGE ' 

i 

All 

239 LTQDIiVQEKY 

MAGE 

i 

Al 

240 TQDLVQEKY 

MAGE 

l 

Al 


Melanoma Antigen MAGE l 
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peptides with MHC Class I Binding Motifs Table 11 
^55 lti0n S^ence Antigen HIA molecule 


) 


21 XVGGWECEK 

PSA 

A3, 

All 

T III 1 It ttATBinf 

9 / i-ti.AAtlCl.RtfK 

PSA 

All 


88 VSHSFPHPLY 

PSA 

Al 


95 PLYDMSLLK 

PSA 

A3 


178 OVCAQVHPQK 

PSA 

A3, 

All 

182 QVHPQKVTK 

PSA 

A3, 

All 

236 PSLYTKWHY 

PSA 

Al 


239 YTKWHYRK 

PSA 

All 


241 KWHYRKWIK 

PSA 

A3, 

All 

242 WHYRKWIK 

PSA 

A3, 

All 


Prostate Specific Antigen (PSA) 
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peptides with MHC Class I Binding Motifs Table 12 

,AA Position Sequence Antigen - HLA molecule 

2STNPKPQRK HCV A11 

14 NTNRRPQDVK HCV All 

43 RLGVRATRK HCV 

302 VQDCNCSIY HCV 


15 


556 WMNSTGFTK HCV 


10 605 LTPRCHVOY 


HCV 


626 FTIFKIRMY HCV 


A3 
Al 
A3 
Al 
Al 


Hepatitis c Virus (Consensus Sequence) 
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Example g 

Quantitative HLA class T bi nding »«s g » Y 
To verify that motif-containing peptide sequences are 
indeed capable of binding to the appropriate class I 
molecules, specific binding assays were established. HLA-A3.2 
molecules, were purified from GM3107 EBV cells by affinity 
chromatography using the GAPA3 mAb (anti-A3) to isolate A3. 2. 
Prior to the step, the lysate was depleted of HLA B and c 
molecules by repeated passages over a Bl.23.2 column (this 
antibody is B,C specific) generally as described in Example 2, 
above. ' 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3. 2 motif, was used. This 
peptide contains the anchor residues.^ and K 10 , associated 
with A3.2-specific binders, described above, a Y residue was 
inserted at position 5 to allow for radiolodination.' Peptides 
were labeled by the use of the Chlorapine T method Buus et 
al., science 235:1352 (1987), which is incorporated herein by 
reference. 

A dose range of purified A3. 2 was incubated with 10 
nM of 941.12 at P H 7.0 and 23-c, in presence of a protease 
inhibitor cocktail (i mM PMSF, 1.3 mM 1.10 phenarithroiine 73 
MM pepstatin A, 8 mM EDTA, and 200 mM N ap-tosyl-L- lysine 
chloromethyl ketone (TLCK) ) , in presence of i mm purified 
human 02 microglobulin. After two days, the % bound 
radioactivity was measured by gel filtration over TSK 2000 
columns as previously described for class II peptide binding 
assays in Sette et al., in Bernini t^^.^. Vol . 3 , 


Gefter, ed. (W.B. Saunders, Philadelphia, 1991), pp 195-202 
which is incorporated herein by reference. (see, Fig 4) ' 
Good binding (in the 60 to 100% range) was observed for A3- 2 
concentrations ranging between 35 and 300 nM. 30% binding "was 
observed at 15 nM A3 . 2 . 

To minimize A3. 2 usage and to increase the 
sensitivity of the assay, a concentration of s-io nM A3. 2 was 
selected, for further assavs m 

5 i„m»^', ™»er assays. In the experiment shown in Fig. 
5 7nM A3.2 and an equivalent concentration of radiolabeled 
941.12 were incubated using the conditions described above and 
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in the presence of a dose range of three peptides (HBc xa-27 
(924,07), a Prostate Specific Antigen peptide (939.01) and 

ZZZVT <94 °- M>) • " »" **£ PeU, 940.03 

inhibited strongly, with a 50* inhibitory concentration 
s (IC50*) of 22 nH, while . weaker inhibition was observed with 

pePtid. 939.01 (IC50* 940 «*, . Finally, peptlde 

not show any inhibition up to the 30 „M level. Thus it 1= 
concluded that peptides 940.03 and 939.01 are high and 

10 mttliM * binaa «< re^>ectively, while peptide 

10 924 ,07 is classified as a low affinity or negative binder 
Throughout this disclosure, results have been 
expressed in terms of icso-s. Given the conditions in which 
the assay, are run (i.e., limiting KHC and labeled peptide 
15 sTTTr ' ' TOiu - -PP-«i«te K0 values It 

dr»Tt ,?° tSd IC5 ° ValUeS -» Chan ^' 

dramatxcally, if the assay conditions are varied, and 

depending on the particular reagents used (e.g., class I 

ZTITZ' ete -'- ' mmP1 - — -*« -"-nations of 

20 lnCrMM *. — «- of a given 

avoid «-w *" alternativa -ft expressing the binding data to 
avoid these uncertainties, is as a relative value to a 

ST^Tp^ r re£erenCe is ^<* a ' *» every 

assay, a. a particular assay becomes more, or less 

M sensitive, the IC50 -s of the peptides tested may c^e 
somewhat,. However, the binding relative to the ref^In 
PepWde will not change. ,or ex^le, in an Vse" 
conditions such that the icsb of the refLete^^ ^ 
increases lo-fold, all icso values will also shift 

• approximately lo-f old. Therefore, to avoid aii^ities the 
assessment of whether a peptide is a good, interred!,* ^ 
or negativa binder should be based chit's ^T^T" ' 
the ICSO of the standard peptide " ' relatlve *» 

t*en it should be understood that thf ^res^ " ^ tablE ' 
aetermine good, intermediate', .^IT^^TT ^ <° 
-uld be modified by * *~r^^ t ^™^^ 
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in an A2.1 binding assay, the ICS 0 of the A2.1 standard 
(941.01) were £q be measured as 8 nM instead of 5 nM, then a 
peptide ligand would be called a good binder only if it had an 
, IC5O»f .le88 thaif «0 nH (i.e., 8nM x 0.1), instead of the 
usual cut-off value of 50 nM. 

The experimental system herein described can be used 
to test binding of large numbers of synthetic peptides to a 
variety of different class I specificities. Specific binding 
assays can be performed as follows. 

HLA-A11 -specif^ TFflY 
The cell line BVR was used as a source of HLA The 
dependency of the binding on MHC concentration in presence or 
absence of fi 2 H are shown in Fig. 6 , while Fig. 7 depicts the 
dose dependency of the inhibition by excess unlabeled ligand 
Finally, Fig. 8 shows a Scat chard analysis experiment. Values 
of apparent kD of -6 nM and of 10% active receptor were 
obtained, and were remarkable for their similarity to the 
values obtained for A2.1 and A3.2. The sequence of the peptide 
used as a radiolabeled probe (940-06) is AVDLYHFXK. 

HLA-A1 -specif^ fl oc fiY 
in this case, the EBV cell line Steinlin was used as 
a source of purified HLA. The same protocol previously 

ofTc "^iT iCati ° n ° f 0ther '** allele8 <l --> ^tion 
of B, C molecules by a Bl.23.2 mAb column, followed by 

P T^ iC T ° f A B,0lecUles bv of a W632 mAb column) was 

p^ptiL ° n baSiS *~* sequencing data, oZlZl 

fT^ST* 6yntheSi2Cd ' d ^ eCtly ^labeled, and tested 
^ in^ubat V ^ Standard P-^col (1 mM * 2 M, 2 days 

RT incubation in presence of protease inhibitors), a graph 
mutating the relationship between * bindin* and ^ t 

^! 18 ^ Fi *' »• *ata, it was concluded 

that xn analogy with what was observed for HLA A2 3 and i, 
as little as 30 nM are sufficient to obtain ^ % ^ inain f ^ 

of 2* ^ Set Pf the specificity 

of^the assay established was verified by its inh^itLility ^ 
excess unlabeled peptide, T he.ic 5 0% was measured (Fig! 10) as 


10 


15 


20 


25 
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? ^ JPw^er Sqatchard analysis fFi« 
the,, apparent K D of the int*ract^* ve "^ed that 

a * interaction corresponded to 21 nM 

a % of active receptor corresponding to 5.1*. ' ^ 

HLA-A?4 'fjpeff<fj r nrfnv 

HLA molecules were purified «-u ~_ 

line. In w. oa8e , tvo consens £ ^S^J!* 
were on the po 0l Bequencing JJf *•« fences 

Their sequences are: 979-01 „n,Z!. sv nthesired. 

peptide* as . function or inpu^ ™ "* thMe tW ° 

«g. 12. in both CMes> 10 !f" MMa "<» -« shown in 

iittie M 2 ,- 50 „, c 01 "^Cr ~ obtaln<!d ««• - 

13) , li-ting « concentred T rZZTT^ ^ 
was readily iniObit-O. by ^S^^ ^ 
apparent k„ of 30 and eo nH, respective* Wlth M 

experiments verified values of iL „« ?T, PurthBr Scatcbard 
apparent * of available receoto- , re8 P"°ti»ely. 
and 7.4*. respectively (Flo. sH^ n, "« 8 -» 

data, peptide 979.02 was arbite.^ °" """^ of "".a 

label heater fpr " *- 

the data herein described, we aisT^T—' °" bMls of 
establishing ,„ A24-specif i= MnIL ^ 9M1 « 

accomplished. ln conclus":. ^SiT" ^ ^ 
-Jor ^ UU IM have been des«W " ^ ^ 


Examm. 11f 

Expansion of »r ffl n n itini 


Establishing in vitro binH.L 
>° r„dily o^titate J vitr^e S ""^ °"» *• 

? y„theti c peptides to the va^oue f ° f Varlo « 

and W."^^^^ ^ 
correctness of the motifs bv »»„„ . ' lM " °* *»» 
various a motifs Mr ^i" °f P ' Pti ^ W the 
molecules. Typically -J^". .^, b ^.J»r«i«l-BIA 
»*' -otifs embedded ^..r^^J^^^»~«ic 
alanine residues. xn some" c^ses r^** ** ^ 

introduced within the resid «e was also 

• *in the seance, with the purpose of i„creasi„ g 
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solubility. The use of such -neutral" poly A backbones as 
applied to the case of class II molecules, has been described 
in detail, for example, by. Jardetzky et al. (Jardetzky et al 
EMBO J. 9(6) : 1797, 1990) . : ': : " • - 

For example, in the case of A3. 2, a motif has been 
defined with a hydrophobic residue in position 2 and a 
positive charge (K) in position 9. Thus, to verify that the 
presence of these two anchor residues would allow in the 
context of a poly a backbone, for A3. 2 binding, the poly a 
analog with the sequence AMAAAAAAK was synthesized (Table 13) 
Similarly, other peptides carrying other HLA motifs 
were also synthesized and tested for HLA binding. it was 
found that in all cases, the presence of the specific HLA 
motifs was conducive to binding to the relevant HLA 5 allele 
with estimated K D comprised of between 125 and 2.8 nM m ' 

IT^ST** ^ bin< ^ n9 WaS alS ° abSOluteiv ^cific/in that 
no binding was detected to irrelevant alleles. Only two 

exceptions to this general rule were observed. Firstly A3 
and Ail peptides crossreacted extensively with each o£er 
perhaps as could have been expected by the fact that the ' 
motifs for these two alleles are remarkably similar. Second 
some Al peptides crossreacted, .albeit with much lZ er 
•affinities, on All and A3. 2. 

To farther define the structural retirements for the 
interaction between peptide epitopes and various class x 

of ?! er6St ' aMlP9S of " in length of Bone 

Lt L PeP " deS ln ^ " "ynthesizeT 

(Table 14). These analogs wore generated by inserting ... 

additional Ala residue within the poly A bacfcborie so that th 

anchor residue. are not located in positions 2 £ To (at 

opposed to a. and 9 in the previous Table, . The results ^ 

obtained illustrate that motifs ,of 10 residues are also 

capable of specifically binding to th* releVantcI.^1 

alleles, albeit with a slightly, lower efficiency! 

In summary, these data confirm that both "i 1 


0 
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should also be capable of binding, even if perhaps with lower 
affinities. , ; . „ . 

The data describe^ above show that ~i,e presence of 
certain residues in the anchor positions does allow (at least 
in a -neutral- poly A backbone) for -in* binding. T o 
investigate to what degree other amino acids (for example 
chemically related amino acid.) might be tolerated in these 
crucial anchor positions, amilogs of some of the poly a 
peptides from Table 13 were synthesized, in which the residue 
present in position 2 <or 3, or 9 was varied. The result or 
this analysis are shown in Tables 15-19. 

in the case of A3. 2 (Table is), i„ position 2, I. „ 
I. V s, A , T, and p were found to be preferred (binding »' o 'l 
relative to previously defined anchor residues, , „„iie c V 
and D were permitted (binding * ...i to o.l restive to 
previously defined anchor residues,. The substiution of E 
because of its similarity to o, in this position should aL 
be tolerated. In position 9, *>,«,• and V were preferred 
Because o, a similarity in nature, that H a™, r shoulTLo be 

also be tolerated by similarity. ^ated. H should 

In the case of A2 4 (Table 171 v _ 

- H by e^ion, Ho otler residue <~ " 

<or biding, . .^^^^-^S " """^ 
analogs containing two anchors wer^M. * reaMn < 
residues might be preferred " ZiJ^TT^ 
- shown in Table is show ^T^ZZ _ 
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In 


M are pre^erre^, and no other residue is tolerated 
position 3 (Table 19,, D and E are preferred, and A,S (and T 
by similarity, are .tolerated. Finally, i„ position 9, only y 
is preferred,, and no other residue appears to 'be tolerated 
(Table 19, 


Thus, on the basis of the data, it is concluded that 
peptides carrying any combination of two preferred residues 
can bind. Peptides containing "imperfect" motifs 


i.e. 


> T™* « on. position and . tolerated 

on. «t the other anchor position, should also be capable of 
binding, even it with somewhat lower affinity, using the 
motifs of this invention for various HHC class I alleles amino 
add sequences from various viral and tumor-related proteins 
were^an.ly«d for the presence of motifs. The results of ttis 
motif analysis is shown in Table 23 a - k. 

Examn1«> -| \ 

ValidaMo^ of wr.a Prr ^ d H ^ < ^ i ^^^^ rifch ^» ^i as ^ H ^ 

. Human Papillomaviruses (HPVs) are implicated in the 
etiology of cervical cancer (Pfister, H. (1974, Biology a „d 

llllt Sen ' (1991) ' HUnan Papillomaviruses in the 

pathogenesis of anogenital cancer. Virology i 8 4. 91 a J 

-T n0rtality t0 ~~ ' urlusen" 

H- (1991,. Viruses in Human cancers. Science, 254.116^ 
Cervical cancer is the secpnd most common cause of 
can ^-related death in females worldwide (Parkin dm 
**ara, E. , and Muir, c. s. (i 98 8) ER H ma , * ' 
- ** ' » Estimates of the worHu^ a 

frequency of sixteen major cancers in ,1980,. i„t 
41.M41. HPV DKA is present -in more than 9 oi of the I T 

carcinomas and predominantly of the HPV i 6 " ! cerv «" 
t, w _ - * ■ " ie n ^ v 16 genotype (Resnick 

M " Cornelissen, M. T. , Wright, D K Elr-Wi/ niC *' 
F~, ..... ter Schegget, ... It'^'J^ZZf*' 
Section and typing of human papillomavirus in '"en val 
Pr^ert 1 V ZjT~ " ^ "Census 

name, M. , Kenemans, p., and Meijer, 
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C : f- A:^ (I99i ); . Difference in prevalence of human 
? PW^^i^* senate* irr cytomorphologically normal smears 

is ass OC ia t ed with a history- of cervical intraepithetal 
^ neoplasia, xnt^ Cancer. 48:404). The ability of HPV i 6 

Zortirir I 11 " 7 (E6 ' E7> f — ^ viL 

immortalize rodent cells (Yasumoto, S., Burkhardt, a l 

Doniger, J., and DiPaolo, J.A. (1986). Human Papillomaviruses 

type 16 DNA induced malignant transf ormation of NIH3T3 ceU 

J. Virol. 57:572) and human keratinocytes (Pirisi i. 

10 a9 8 8 T°'^" T ler ' M - 15ohiger ' *- and Dlp ~*°' j "a. 

(1987) . Trans-formation of human fibroblasts and 
keratinocytes with human papillomavirus type 16 DNA j 
Vlro|, 61: 1061) and to transform human fibroblasts 'srnits H 
L., Raadsheer, E., Rood, I., Mehendale, s.; Slater R m 

with a deletion in the short arm of chromosome n j vir . , 

«:4538 suggests direct involvement of HPV 16 in the* 
»ulti-step process of cervical carcinogenesis. 

In general T cell immunltv in < , 

t x^oc^e .ex,, l8 sj^sr d » 

against virus-induced tu»ors (Melief. c. J. <1992> ^ 
eradication by adoptive .■ ttmtat OI 'ay^^^lL^ 
**r. cancer lies. 58:143; Melief c a , ? ly»P»Pcytes. 

Recently in a mouse nodel. it iras r^nw- „ "•"> • 

with CTL after immunization^^ ^T" ^ *" 

— . "u, s tt rL s iut ro i:T ln L oells 

Hellstrom. K. E. . (lm) . Hunan papillomavirus typl T 
nucleoprotein E7 is a tumor rejection antigen. ^ ' 
^ S=i - .<•«>»»• «-». L., Ashe, ... Brady w T 
Hellstrom, aellstrom, K. E. ; letter ' i A ' ' 
P. . and Linsley, P.. Ss <i„2> . coetimulation'of 'L^T**' 
""""^ «"B7 counterreceptor for the T i™,^™!""" 
molecules cms and crLa-4. cell. Ti-iossT * Whocy,:e 
P-tection * C^ ^as recently s^^T^oder: i„ ^ 
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synthetic peptides containing CTL epitopes were used for 
efficient pricing of mice against virus infections (Schulz 
M., Zinkernagel, R. M. , and Hengarter, H. (1991) 
Peptide-induced antiviral protection by cytotoxic T cells 
5 Proc Natl. Acad. sci. vsa 88:991; Kast, w. M., Rbiix, l 

Curren, J., Blom, H. J. 3., Voordouw, A. c. ; Meleon, R. H 
Kolakofski, D., andMelief, c. J. M. (1991) . Protection " 
against lethal Sendai virus infection by in vivo pricing of 
virus-specific cytotoxic T lymphocytes with an unbound 
10 peptide. Proc. Natl. Acad. sci. USA. 88:2283), Moreover in a 
mouse model it has now been shown that complete protection 
agaxnst HPV 16 induced tumors can be achieved by peptide 
vaccination with a en, epitope derived from the virL oncogene 

desire T " ^ ^ E? *ene Products are the most 

durable target antigens for vaccination against HPV 16 
xnduced tumors. Both are retained and highly expressed in HPV 
f Jn^Tv^ ^ Vivo (Baker, c. Phelps, T 

' ' Bra ^' M '= J -«o»da, h; a., and Howley, P. 
LLZ StrUCtUral .«? ^anscriptional analysis of humL 

lllls 7^ 16 8eqU — in — ^al carcinoma W 

lines. J. Virol. 61:962; Smotkin, D. , and Wettstein, F O 
U9863 Transcription of hum,n papillomavirus type \e eLly 
genes in a cervical cancer and cancer-derived cJT i^e ^ 
identification of the E7 protein, Proa. Natl. Zrt ""J ^ 
83:4680, and involved in ^induction *nd main^eWof^' 

r ^foTl°^ n ^ Horgenstern J. 

Crawford, l. , and Banks, l. f 19891 yv,v,h k ,. 
of HPV- is P7 • , ' ' " l-WSJ.- Continued expression 

of HPV 16 E7 protein is required for maintenance of the 

TZl^ZTTT' ° f CellS ~»«*— * HPV-16 plus 
^bbe^ n J" 13 ' W***^ *•> Vbusden, K. H, 
nubbert , . N . l. , Lowy, D. r. , and Schiller^ j. T r 1989 , \™, 

keraTl^ -operate to ^e^ 8 ^ 

keratinpcytes. EMBO J a -iQnn „ tpresKin 

* « - - -^i- involve .r^e^rr 0 " 

maintenance of the phenotype of cervical 
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h-lmans, v . scr.en.d peptics sp^m, «„ " f ° r 

profin »ec,u.„c« s for ^.^ ^ LtLTT 1 ^ B 
fre^t human hhc MlTCaleS( JX'^ ^ — ' 
*24. combined the.. five .11.1.. !f,, ""^ *"- 2 — 

» Pop»i.« on (0upont , 904 of tte 

Vol. I _ Histocompatibility Testing ^ "» 

York). * scln9 - s Pnnger-verlag, New 

A complete sat of 240 ov«n.™.<. 
«* • « length and „ aa overlap 7o^T I Synt, ? tlC pep "<«" 
»d E7 oncogene .eguences We^vn^T entl " 16 

tested for their ability JTLTS? The peptides were 

.olecule. in th. bindlnl aforementioned hia 

for the respective HI* alleles .n« ! X ° f pe P tid « 

predict Which peptide of a prote" i" IT^ ""^ 
groove 9f a specified KLA mo^ *° ^ **• «» 

Unbi "« J -=t Of peptides, the resuit. «r^'' e ' ^ ^ 

analyses were u-ed to evaluate^heW oTtT*^ blndln ' 
for their predictive capacities and ^ " » ot "« both 

Particular anchor a. reside necessity to have 

peptide. residues on positions 2. (J) M 9 „ , 

strat.gi.f^ltXptti'r 6 * *~* 

* repeated cycles in^^I^T ^ " <"> 
acids to • resin of polystvrew ! ? Protected amino 

synthesis vitih BOP action TT*" * Ultiple Peptide 
Peptide symposium. Mr ^»^ « the nth American 

• Marshall, Ed. 
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^! ! . ° te " l > xna l end ' were deaved from the resin and 
,- -«d. chain protective groups were removed by trea^t wi~ 
,.,> aqueous TFA. Peptides were mui.,^ w ™' Kxth 

5 lyophWi^ed and •dissoXveTrtTc^nr 'f ph *" 

uxDouivea at a concentration of i mrt y«i - 

Phosphate-buffered saline with 3% OMSO <sitL *l 

«17S> before use. once dissolved^ ^ "° 

at -7C c. Since cysteine -J^^S^^™* 

« :: P ^^ oxidation **** '— -^ ^ s s c : ptibie 

Ostein". SyntheSi2ed " lth " — Weed of a 

Identification of peptides from fliV is „ , , 

* r eri r .L se - e r 0 ^^ir^r:-^ 8 - 

»o bound to hi*-al molecules Tir= e ^r/ eP " da " «* " ">« 
^ om y peptides yield"; ratL ™!u." fTo"" 6 * " 
Peen that a peptides bound with ^»ZI T^ " 
O0.1) . 6 with intermediate affinity ,o l „ - 01 —*- 
affinity (O.oi-o.ooi). P . B tide» I < 0 - 1 -°-«) «d i with low 

« — comparison of U'S^T.S^^ 

To c Ilculate the coneentrat "fir "Penments. 

• 50% inhibition dose ( IC I on. h . n «<=essary to yield 

the standard xc so by the ^ I™ '£ Z£T %^ - 
•»= an ic so of 23 nM (ei/3.S). """P 1 *. Peptide E6 -80 

A3.2 mol.^. "iltt: ' ttat - H,- 

affinity bikers. 6 ™ ^te^d ^ " ^ 

low affinity binders" S^T^'^ ~* " - 

bound to HA-axz.2 ^ h CribeS the » e P*"es that 

» identified, 4 intermediated i^ T 

affinity binders Two "!V * " nd 10 

1VY*dcnpy and «:.„ „ ~L°. lffl " itl "' 1,,ai "» Peptides (E6-59 
. Peptides with a y at ST^ 1 1 1 "° ""ding 
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Tables 21(b) (c) lt l8 cl .„ t^fthere LTl MParln ' 

Eighteen out of 28 E6 and E7 peptides b'ndl„„ °° l ^ aleB - 
-lecule. overlapped and .^Vp^S^ ^0^ 

A3. 2 and 2 peptides unique for HLA-A11 2 

...M high affi^ty bindln^-Pt^ ^'iT 
binding peptides and s as low bSa, * "•tet-ediate affinity 
-* inity peptide ^tZSgPSfZ^Z^ T 
affinity peptide (E7-49 RAHYHivtf were ll^T * 
tb.t an A at the second posit^ should bT7, ' lndi «"»» 
A2« -otif. m these inLsioL ^Z^TJl^ ^ 
In analyzing these tables it can lna f«>ted in Table 20-e. 
«" 7 affinity b^ p^l'^r ^ between 2 

of the tested m*^ B olecuLs7 W elTrlil ** ^ 

"ere binding to „ore alleles. Three ^ T PePtidM 
E«-79), bound to HLA-A2 l « JTT. (ES " 7 ' E6 " 37 Md 

3S) bound to h^-aT^ «£ f / All. 2. P-Ptide (E6- 

-nd -a., - cr JTsT <E6 - 69 

crossreactivp BOBf4 , . * A1,2> B «t these 

«ireaqrcive peptides bound only weaklv *-« « 

aifferent HIA .olecules. In gen^ Wev "°" ^ 

concluded that, except for HIA-A3 2 anHrTf ' 

«X.ost an M Mlecules bln(J ^X^"" MleCUle - 

-biased set OIB „ 16 Ee JLT^:"" — 

Peptide, and also the ^^^1^^ ' 
followed the identified notifs For ° P * U *i» 
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overall efficiency of the 2, (3) and o 

, ~~ ^ " 1 ' 9 ana 9 anchor motifs 4-k a » 

. , «**Ut*a this is seized in Table 20(e) « =» I! 

s ,, ..mA^oiecuies are -juit, accurate. ..<*. hundred p*r*»TL 
5 the HLA-A1, A3.2, and A24 high binders would be pred^L . 

binders between 40 and 100% would be predicted d e »»„^,- 
the ^ .oiecule anal yM d. PurtherLre £ "wea* 
bxnding peptides that would be predicted is low and^e 
percent or those peptides that were predicted to bi^K * 
actually did not bind i s very low all He aU^les 

Analyzed differently, of the 12 n» n 4-4^ 
hin.to actually s bou^d ^TJ^ZST" " 

..... maae to find these potential CTL epitopes Th*. 

for HLA-A3i2 Xii 9 ^ p B * The figures 

* 2 ' All. 2, and A24 were 10/32, 7/26. and a in 

strait s-jsl.": =ss —J- - 

predicted, by the 2 3 and \". ^ m "" Papti ; dM «*•* «» 
jr we (3; and 9 anchor motifs did wi ^ 

- fas r-as s SLr^-- - — 

Example |g 

Presence of a M^ 1f j - Mgff . 

To investigate further «-w .. ,n " ,IK *. w. 

-pt f fs ^■■i* ti JL-£r£Lg TZZ^s*- ****** 

Mnd lt o the relevant a* .1^ L! . "T" ^des to 

Potential target -olecules wer! sca^d^T "* 
■wtif-containing beotid.,; „ K ed for ^e presence of 

that in, the case ci^ *V -V, , in ?* zt Was found (Table 20) 

— ^ '^e 3 - ^ ~ * os p ^ 

— ^ with Mediate atf i„i ti L° ~ "ST.. ^ 
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range), while 34.6% tow Kaakly (ln ^ t<J 

range, , Finally> 23 .„ af ^ ^ - ^ " " f 

up te the so ^a. lev.!. x„ the case of Air ! 
100 peptide, bound vlth nl „ h .,-,„? " . " of «» 

S 3S, of the. bound vlth in^^L^es an^^- 
r-nge while 24* bou^ weakly (in tte ^ ^T^ 50 " 

10 in the cse^ ^ «4 "~* 81=0 "* **- > 

case of lo^^t^^ --7— U the 
-°tifs (Tables 22 (a, and W xt , . ' Ma *" 
cases, the.freguency of good hln^e^T' 
15 respectively,. These data conf Ira < 17 - 5 *' 

motif-containing lo-mer peptide. < ! £act **« 

in genera!. redLd effing f ^ bind ' «**•». 

In stumary, the data shown In thi. . 
sh ~ the presence of the coA«* ant l °" 

0 sufficient per se to allcJ* COrrect anch °r residues is not 

apparent thatch! Zl^'Z."** thus 

positions other ttZ ^l T Contoi ™* in 
- »ost l^ly SLSL"!^ bindi " 9 - 
presence of certain residues rin * tat *"* 

■ =*» negate or increase * JZL?££Z£T " ' ^ 
determinant. potential of a peptide 


specific s^s^^^l^ — - 

containing peptides, peptides .* ithl » 
wanted to devise an alternative stated 
Procedure, that wouid he ^ ~* 

contain^ peptides, which peptide ^ L^oL' 0 """ 
intermediate binders <-». ^ Pe good or 

other ^^sJ^Z^T^^^ Oogenic. lB 
Baen shown to be isogenic "* ' ooa "i^ers have 

residues ^ have a^a«ve C.^ 1 ^"' ** "-tify 
-11 Positions for «.2. Ail \n7!n "" ^ * a ' na *sis of 
Peptides, ^ >™ b L£^*Z^~^^ 

ls carried out. r n 


In the case 
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of Ail, because of the small occurrence of nohbinding 
peptide, a different cutoff was used such that the analysis 
compares good and intermediate binders on the one hanTtTvea* 
and nonbinders on the other. 

Example .? 


in light of results presented in Example 13 
algorithms are developed to provide a more e»cV predi^T - 
binding based upon the effects of differentiae" a ^ 
position of a peptide sequence, in addition to ^ l*Ll 
conserved residues. More specifically, we ^ ™ ° " 
ban* obtained during, the screening of ^^L^f T 
3,11 or 24 motif containing peptides to dev,i^ i 
for each particular alleie which ^T^^t^ 
«ino acid at each position along a pep^L ™ e " f 
each residue is taken ae the ratio JFIZ *"* 
residue in good and int^^l^^^ «* 
occurrence of that residue i n non-bl^ers f "*— « 

rare residues, such as tryptopnanT^ere^^, 
occurrences to obtain a statistically sionl^ T 
listing is made of .cor- „k. "Snificant ratio, a 

twenty Mino ^ by^^ * *« "=> °* the 

conserved residues tLt def ^ Z^^T^T^ 
Peptide is scored in the algorithm as a product o7tte * 
of each of its residues. P^oauct of the scores 

- furtheJtc zH z zr^\?~T° vitb 

of peptides with the highest 

one were to reiv ~ good oxnders. if 

Predicting .^'p^T^^- ^ 2/9 ~^ , 
the large number of oentLi " SPeclf lo »«ele 

^cted to be r^r; be 

percentage of these peptides are good b Cra ^ ' SMX1 
iarger percentage are. intermediate binders^ a SaT' 
larger percentage of the peptides predicted by ^e mot if «. 
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mm ***** or non-binding peptides. m contrast, using the 
ground algorithm of this invention a population of peptides 
are created with a greater percentage of good binders, a still 
, 9 ~ t * r Percenta ^e of intermediate binders, and a smaller 
percentage, relative to that predicted by motif-containing 
peptides, are weak and non-binders. 9 

The present example of an algorithm uses the „H n n * 

Toiizrri of occurrence of an M±n ° acid in --e™; ° f 

non-binders to measure the impact of a particular residue at 
10 each position of a peptide. lt is immediately aboard 

of ordinary skill in the art that there ^ll^^l %T 
of creatxng a similar algorithm. For example, one could Zl 
average binding affinity values, or relative hinding^^! le 
amxno acid substitutions *n a *otif containing ^L^wiTa 
L5 poly-aianxne backbone to generate an algorithm table 

An algorithm using average binding affinity has th* 
advantage of including all of the peptides Vth^^T 
and n Qt , u t good/intermediate binders and non-binders 
Moreover, it gives a more quantitative measure of afflni* 
0 than the simpler group ratio algorithm. We^relte f k 

algorithm by calculating for each amino ^7^^-'^ 
average log pf binding when that particular resL 
our set of motif containing P^LT^^«^~ 
a peptide is then taken as the sum of th^ scorll T T * °" 
5 for each of its residues. by 

EXamnl^ 34 
:ive HjfA alia], 
presenting ee ^ f!| 
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This example demonstrates the use of co1 h «- 
incubation or acid stripping, peptlde ioad ~ ^* ^P-ature 
effective HLA-allele-sr^r^-! \.. ° aain S method to prepare 

^ arc were usedlo ^t 1 "" cells Wc) . 

. .- _ to sens *txze precursor cytotoxic T 

lymphocytes which led to the development oTant^ 
cytotoxic cells. This was accompliL^Ln^r^ ^ 
Phytohemaglutinin (PHA) T-cell bl a «<-« ? 
mononuclear cells PBM vV ! ^ " Peripheral blood 

\ cexxs (PBMC) or staphylococcus aur B ., B ~ 
<SAC-!, activated PBMC a* arc. The ^ ! 1 
other «c and t„ the other MHC alllils a PP»cable to 
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>oil ThC £o Howi«g describes .sources for materials used in 
the following examples: 

^ v f^^^^' / B582 ' J ' T - Phillipsburg, 

Anti-HLA A2 (BB7.2,, Cat ,HB82, ATCC, RoCcville, MD. 
Anti-HLA DR (LB3.1), from <J. Gorga, Children's 
Hospital, Pittsburgh, pa. 

Anti-HLA Alpha chain pan ABC (9.12.1), from r 
DeMars, University of Wisconsin, Madison, Wl. 
Anti-mouse IgG FITC conjugate. Cat /F2883, Sigma st 
Louis, MO. ' 

Microglobulin, Cat /MOli 4 , scripps Labs, San Diego, 

BSA Fraction V, Cat /A94 18, Sigma, St. Louis, MO. 
50cc conical centrifuge tubes, cat /2070, Falcon 
Lincoln, Park, NJ. . ' 

Cryo i-c freezing container, Cat /5100-0001, Naloe 
Rochester, NY. ' wal 9 e ' 

Cryovial, Cat /5000-0012 h«i>,. <» 

^ , . - UOi2 » Nalge, Rochester, MY 

ZZFmT"** CDMSO ' ' ~ ' D2SS0 ' sl9M ' st - 

DN*sc, cat ,260912. calbioehea, San Di „ 
^beads M-4S0 coat anti- B ouse ,<*, cat « 10 .' 0 6 
Oynal, Great Neck, Hy. ".oe. 

OTA tetrasoaiu* salt, cat VED4SS. SlgM , St. Louie, 

FACScan, Becton Dickinson, San Jose, ca 

F^cal, seru. (PCS) , c« „.oo, trv / e scientiflc> 

. r >* «7-o 8 ,o-03, ^eia. Piscary, 

Gentamicin. Cat M00-S750AD, Gibco G r»nrf t , / 
L-Glutamine, cat T • TCO ' Gr «><» Island, hy. 

^ ne, cat /9317, tow Scientitic, Irvine, 

centrifuge, BeOc.an Instruments. Palo Alto. 
Bioproducts, calabasas, CA; 
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Hunan rIL-2, Sandoz, Basel, Switzerland. 
Human rIL-7, Cat #Fi-i587-i, Genzyme, Cambridge, MA. 
Isopropanol, Cat #A464-4, Fisher Scientific, 
Pittsburgh, PA. 

MicroCiXLector T-150 culture flask for selection of 
CD4+ cells, cat /8030, Applied immune Sciences, Menlo 
Park, CA. 

Micromedic automatic gamma counter, ICN Micromedics 
Systems, Huntsville, AL. 

OKT4 hybridoma supernatant. Cat *CRL 8002, ATCC, 

Rockville, MD. 
Paraformaldehyde, Cat /T-353, Fisher, Pittsburgh, PA. 
PBS calcium and magnesium free (CMF) , cat /17-516B, 
BioWhittaker, Walkersville, MD. 

Peptides used in this study were synthesized at Cytel 
and described in Table 24 a. 

Phytohemagglutinin (PHA) , Cat #HA-16, Wellcome, 
Dartford, England. 

RPMI 1640 + Hepes + glutamine. Cat /12-H5 B , 
BioWhittaker, Walkersville, MD. 

RPMI 1640 + Hepes + glutamine, Cat /380-24OOAJ, 
Gibco, Grand Island, NY. 

Sodium, chloride (NaCl) , Cat /3 624 -05, J.T. Baker 
Phillipsburg, NJ. 

Sodium ( sl Cr) chromate, Cat #NE2 030, NEN, 
Wilmington, DE. 

Sodium phosphate monobasic. Cat #S9638, Sigma st 
Louis, MO. ' 

Triton X-100, cat /x-100, Sigma, St. Louis, MO. 
24 well tissue culture plate. Cat #3047, Falcon, 
Becton Dickinson, San Jose, CA. s ' 

96 well U-bbtto»ed cluster plate, cat /3799, costar 
Cambridge,. MA. ^ ' 

*™I is<.o + Hepes + glutamine (Gibco) supplement vlth 2 ^ 
L-,lutan lne cirvine Scientific,, so ^mi oentamicin ^iLoT 
and 5* neat xnactwated pooled human Type AB serum (G( Lini 
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Bioproduc^s) fRPMI/s* HS) , EBV transformed lymphoblastoid 
Cel1 ll ?? B WW maintained in RPMI i 640 + H epes + 

glutamine (BioWhittaker) supplemented with L-glutamine and 

abpve ^and 10% heat .inactivated fetal calf serum 
(Irvine Scientific) [RPMl/io* FCS] . Chromium release assays 
were performed in RPMI/ 10% FCS. 

cytokines. Recombinant human interleuXin-2 (rIL-2) (Sandoz) 
was used at a final concentration of io U/mi. Recombinant 
human interleukin-7 (rIL-7) (Genzyme) was used at a final 
concentration of 10 ng/ml. 

-Tsolatioa of Peripheral Blood Mononuclear Cells fPBMCi who, 
>lood was collected in heparin ,io U/ml, contain^in's 
and spun an 5 Occ. conical centrifuge tubes (Falcon) at^soo L 
^ GS ^ 15 ^' -e plasma - layer 'was t^en remo^ 
and 10 ml of the buff y coat collected with a 10 ml pipet^ 

and diluted with an equal volume of serum free Rpmt lfi " ^ 
diluted buffy coat was then layered over : i ^^J^ 

^Pharmacia, in a SOcc conical tube and centrifuge 400 xTf or 
20 min at room temperature with the brake off. -*he 
Ficoll-plasma interface containing the pbmcs was collected 
usxng a transfer pipet (two interfaces per SOcc 
^ times with.SO ,1 RPHX. CX700V 1S00, 

~£*ff. Md PB » C ' «HC were frozen at 30 x 10« 

cells/ml of 90% FCS + io% DMSO (Sigma) , in i ml "I 
cyrovials (Halge, . crvovia,* Jre^^ S^TS ^ 
containers (Nalge) containing isopropandl fFiST/ f*-"** 
at .7b«C fr OB /L /. isoprppanol (Fisher) and placed 

were thawed by continuous shaking , in a 37*c wate^ •£«. 

*^ ?' (caibiochem) , and washed twice. 
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P^P 1 ^ 0 * of Lymphocyte Subpopulations. CD4 lymphocyte 
depletion was performed using antibody-coated flasks: 
MicroCELLector T-150 flasks for the selection of CD4+ cells 
(Applied Immune Sciences) were washed according to the 
manufacturer's instruction^ with 25 ml PBS chf + i mM EDTA 
(Sigma) by swirling flasks for 30 sec followed by incubation 
f or 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional times by shaking 
the flasks for 30 sec and maintaining coverage of the binding 
surface. To each washed flask, 25 ml culture medium + 5% HS 
were added and incubated for 20 min at room temperature on a 
flat surface. Media was left in the flask until it was ready 
to receive the cells. PBMC were thawed in RPMX/5% HS 
containing 30 M g/nl DNAse, and washed twice. HS in the wash 
blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
10 cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector. Flasks 
containing the cells were incubated for i hr at room 
temperature on a flat surface. At the end of the incubation, 
the flask was gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CHF to collect the nonadherent cells. Harvested 
CD4-depleted cells were pelleted by centrifugation and 
resuspended in complete culture medium (RPMI/5%/ H S) . 

Generation of PEA Blasts. PBMC Were isolated using the 
standard Ficoll-Pague protocol. Frozen cells were washed 
twxce before use, cells were cultured at 2 x lo«/ml in 
RPMI/5% HS containing i /ig/mi PHA (Wellcome) and 10 U/ml * 
rlL-2, PHA blasts were maintained in culture medium 
containing 10 u/ml r IL-2 with feeding and splitting as 
needed. PHA blasts were used as APC on day 6 of culture 
Generation of empty class I molecules and peptide loading were 
only performed by the acid strip method when using these APC. 
Acad Strippma/Peptite Losing of PBMC and PHA Blasts PBMC 
were isolated using the Ficoll-Pague protocol.' When using 
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frozen cells, PBMC were washed twice before using, pha blasts 
were prepared as previously described and washed twice before 
usxng. Once cells were prepared, they were washed once in 
^ile, P> 9 V Nad, ( Baker) . + i% fis^> in a 50cc 
5 conical centrifuge tube, the cells were resuspended at ioVml 
in cold sterile citrate-phosphate buffer fo-13 M L-ascorbic 
acxd (J.T. Baker), 0.06 M sodium phosphate monobasic (Sigma) 
PH 3, 1% BSA, 3 „g/ml /^microglobulin (Scripps Labs) i and 
xncubated for 2 min on ice. Immediately, 5 volumes of cold 
10 sterxle neutralizing buffer /I [p.is M sodium phosphate 

monobasic p H 7.5, i% BSA, 3 „g/mi ^microglobulin, io Mg/ml 
peptxdej were added, and the cells were pelleted at 1500 rpm 
5 mxn at 4-C. Cells were resuspended in l volume cold Steele 

15 ^/ml Microglobulin, 40 Mg/ ml peptide , ^nd inLateTf or 4 
hrs at 20.C. cells were diluted with culture medium 4 
approxxmately 5 x 10«/ml and irradiated with 6000 rads cells 
were then centrifuged at 1500 rpm for 5 min at rooI ? 
temperature and resuspended in culture medium; The acia 
20 strxpped/peptide loaded cells were used . immediately err! 
induction cultures (below) . * CTL 

induction of Primary CTL using Acid Stripped /Pontic r * „ 
^ PBMCS or PBA BlMts &s stim2] ^ P ^ — 

25 strxppxng/peptide loading of PBMC and PHA- blasts are d. v. „ 
above, ouring the last 4 hr incubation of SE^^T - 
with peptide, the responder cell population was preyed 
Kesponders were PBMC that were depleted of CD4 + cS 
(described above). Responder cells were ^ ! 
30 culture medium at 3 x io«/ml 7 \ T resus P*»«*ed in 
■ . 1 1 ml of **** responder cell 

suspensxon was dispensed into each well of a 24-wetl t£ 
culture plate (Falcon, Becton Dickinson,. The D ^ 
Placed in the incubator at 37-c, 5% CO until *h 
-population was ready, once irradi^ ? stimulator 

aay 7 af ter xnduction, a 
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v 100 Ml culture medium containing 200 ng/ml rIL-7 was added to 
^ each well (20 ng/well rlL-7 final) . On day io after 
induction, loo M i of culture medium containing 200 u/ml rIL-2 
was added to each well (20 U/weir riL-2 final). 

Antigen *estimu2atio« of CTL. Oh day 12-14 after the 
induction, the primary CTL were restimulated with peptide 
using adherent APC. Autologous PBMC were thawed and washed as 
described above, cells were irradiated at 6000 rads. Cells 
were pelleted and resuspended in culture medium at 4 x io«/ml 
1 ml of cell suspension was added to each well of a 24-well * 
tissue, culture plate, and incubated for 2 hrs at 37-c 5% co 
Non-adherent cells were Removed by washing each well ^ee 
^es with serum free RPMI. After this step, a 0.5 ml culture 
medium pontaining 3 Mg/ml ^microglobulin and 20 M g/ml t^aT 
peptide was added to each well. APC were incubated forT^s 
at 7-c, under 5% co 2 with the peptide and ^microglobulin 
wells were aspirated and l ml of responder cells at 1 5 x 
If /ml in culture medium was added to each well. After 2 

aoTi t ^ °! CUltUr " mediUm cortta ^g 20 U/ml rIL-2 was 
added to each well. 

cytotoxicity Chromium Release Assay, seven days ft,,,^. 

relation of prWy inductionf ^ ^ « 

the cultures vas assessed. ' ot 

which at ™«**r <+" TY-mriH ,,. the responders. 

Which at this stage are renamed "effectors", were cn.-^* * 

st lo7/B1 in efmi/ "* pcs - 

dilutions of effectors were performed to yield e-f actor to 
target ratios of loo:i 33-1 „ ■ 9 e -«=otor to 

^croclpbulin and 10 total peptide. After 

preincubation, target cells were centrif uged ana Li 1 ♦ 
suspended in ,.„,* ( 3..„ci, sodiu. cZ^^T 
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Cells were incubated at,37?c for 1 hr with agitation. 
Labelled target cells were washed 3 times with RPMI/10% FCS. 

c * gett i pq-Up the Assays : Target cell concentration 
v^was adjusted to 10?/ml in RPMI/10% FCS and 100 jil aliguots 
were added to each well containing responders. K562 cells 
(cold targets, to block NK, and IAK activity) were washed and 
resuspended in RPMI/10% FCS at 10 7 /ml. Aliguots of 20 /il were 
added per well, yielding a 20:1 of cold K562 target: labelled 
target. For the determination of the spontaneous 51 cr 
release, 100 /il/well of RPMI/10% FCS were added to 100 Ml/well 
of labelled target cells, and 20 Ml/well of K562. For maximum 
51 Cr release, 100 /il 1% Triton X-100 (Sigma) in PBS CMF, was 
added to the 100 /il/well labelled target cells, and 20 /il/well 
K562. Plates were centrifuged for 2 min at 1200 rpm to 
accelerate cell conjugate formation. Assays were incubated 
for 5 hr at 37 »C, 5% C0 2 . Assays were harvested by 
centrifuging plates for 5 min at 1200 rpm and collecting ioo 
/il/well of supernatant. Standard gamma counting techniques 
were used to determine percent specific lysis (Micromedic 
automatic gamma counter, 0.5 min per tube). 

cultured cell Linos. JY, a HLA A2.1 expressing human 
EBV-transformed B-cell line, was grown in RPMI/10% FCS. K562 
a NK cell sensitive erythroblastoma line was grown in RPMI/10% 
FCS. K562 was used to reduce background killing by NK and IAK 
cells in ithe chromium release assays. 

Peptides. The peptides used in these studies were synthesized 
at Cytel and their sequences are described in Table 24 a 
Peptides were routinely diluted in 100% DMSO at 20 mg/ml," 
aliguoted, and stored at -20 °C. 

s 

FACS Analysis. Approximately 10 6 cells were -used for each 
antibody that was to be tested. Cells were washed twice with 
PBS CNU + 0.1% BSA. To each sample, 100 ,1 PBS CMF + 0.1% BSA 
? + primary antibody at 2 M g/ml (BB7.2, ATCC) or (9.12 1 
Inserm-CNRS, Marseille, France) or (LB3.1, Children's Hospital 
Pittsburgh) were added. A negative control was always 
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*nclud^ Ceias irere. incubated on ice for 20 min and washed 

, PBSACMF BSA * ^ ll8 W « e -suspended in ioo 

iV ^l,an|:i,- n ouse,igG FITC con jugate (Sigm*) , diluted 1:50 in pbs 

' ^ + BSA ' =**» incubated 20 min oh ice. * Cells were 

washed twice with PBS CMF + o. 1* BSA, and resuspended in pbs 
for FACScan (Becton Dickinson) analysis. When it was 
necessary, to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Fisher and 
analysed within one week. ' 

Bating Assays Using Xntact Cells and Wiolah^led Peptide 
J* cells were treated with citrate-phosphate buffer and 
neutralizing buff er ,1 as described above, jy control cell* 
^ left untreated in tissue culture media, 

. both cell populations were Washed twice with seruTfree^ 
and loaded with "*I-radiolabelled 941.01 (HBcis^T) oelt^ 
(standard chloramine T iodinationy . To determine l - !h 

-Pecificity, 2 x ioe cells were resuspe^^o^" 9 

containing' 1 

1-941.01 (10* cpns) +/- 100 >g unlabelled 941 01 on 
were incubated for 4 hrs at 20-c and washed twice with s 
free RPMI to remove free peptide. Cells wer! . 

200 Ml of serum free RPMI Tn ! I ^ in 

Iree In a mxcrofuge tube th*» --n 

•^pension was layered over an 800 „i pes a^l^ !" 

automatic gamma counter, i min per tube). C^cromedxc 

Example lj> 

Tmr^^ wt^ ^i min i n .i- n rl| , 

treattn ?n t , s 
Mild acid solutions of pH 3 such • 
citrate-pnospnate b u«e*s nave be^h IseTl " 
, "entifv endogenous peptides and to idloti^^T™ 1 ''' <° 
^=pe a . The treatment is unique £ SaT "««»^ 
class I »ple=„ie fc .re destabilised (anneotif * 
«*ile all other surges antigens re^W 2^"^' 
class li nolecul.. . intact including HHC 

olecules. Most xaportantly. treatment of cells with 
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the mild acid solutions of this example do -not affect the 
cell's viability or metabolic state. The mild acid treatment 
is * a V?- d s i nce the stripping of endogenous peptides occurs in 
two minutes at 4*C and the APC is ready - to perfbrm-its 
function after the appropriate peptides are loaded, in this 
example ve utilized the technique to make peptide specific 
APCs for the generation of primary antigen-specific CTL. The 
resulting APC were efficient in inducing peptide-specif ic CD8+ 


CTL 


Measurements by FACS Analysis. PHA-induced T-cell blasts were 
a °f d stri PP ed /Peptide loaded according to the methbds 
described in Example 15. The resulting cells were stained for 
FACS analysis using anti-HIA-A2 (BB7.2) and anti-HIA alpha 
chain-specific (9.12.1) monoclonal antibodies. Controls for 
this experiment included the same cell population which was 
not treated at pH 3 (but treated with PBS buff er at pH 7.2) 
and with cells treated with citrate-phosphate buffer (to strip 
the MHC) but neutralized in the absence of ^microglobulin and 
peptide. The results presented in Figure 15, iridicate that 
treatment of these cells .with the citrate-phosphate (p H 3) 
buffer significantly reduced (10-fold) the reactivity of the 
cells toward both anti^HLA class I. antibodies alone 
(anti-HLA-A2 and the alpha chain specif ic) , but not towards a 
monoclonal antibody specific for class II MHC molecules 
(anti-HLA-DR) . Most importantly, neutralizatibri of the 
acid-stripped cells in the presence of ^microglobulin "tad 
peptide resulted in preservation of a significant amount of 
class I MHC antibody-reactive sites, with only a 2.5-fold 
decrease in fluorescence intensity. Importantly, the 
acid-treated cells remained viable, as measured by trypan, blue 
exclusion and forward/ lateral FACS scatter analysis, similar 
results were obtained using EBV-transformed B ceil lines 
fresh (or frozen) PBMC and other peptides (which birid to' 
either HIA-A2.1 or HLA-A1) (data not shown). - - 

Binding V Radiolabeled PBptidBs to Empty MHC Molecules. To 
determine the efficiency of peptide loading using the cold 
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temperature incubation or acid stripping/peptide loading 
protocol, W cells (an HLA-A2.1 EBV-transf ormed B cell line) 
^e^incubat*, at 26'c overnight or acid-stripped to remove 
the endogenous KHC-associated peptides and the loading of 
exogenous^peptide was determined using; a ^I-radiolabelled 
HIA-A2.1 binding peptide. The specificity of this reaction 

bind!»rT ed bY «- inhibition of labelled peptide 

bxnding using a cold peptide of the same sequence. Results 
Presented in Table 24 b demonstrate that acid-treatment of the 
cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the jy cells 
Furthermore, the binding of labelled peptide was completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown) . rating 

J* Vitro induction of Primary Antigen-Specific CTL D H n „ a ^ 
^fT^^- -^onaTc^^™ 
for the induction of primary CTL using both the cold 
temperature incubation and acid strip protocol are: U 

Z^Tl 0t CD8+ T ' CellS ^ ^ ^° nder cell population 
(or depletion of CD4+ T-cells) o\ »**i±i ^ ^ n 

«r,r • A1S ' » 2 J addition of riL-7 to th*» 

CTL induction cultures from day 0, and 3) I 

=.X1. puised with peptide. ResuXts presented In FigT" Md 
X7 show experts perform usinc, PBMC p^-indTed T- 
blasts «.*PC. Figure X8 shows experi.ents using^J- 

™r:: ™ biMts - « — ~ ot 

a sreenitm n-rHde* t o i^Hfv m . - r1r - r - .. 

in which cl ess i ^:.i^^-r 10 " 
^^"ST* * " ddltl0n to" 
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Complete Culture Medium. The tissue culture medium used in 
this study consisted s of RPMI 1640 with Hepes and L-glutamine 
(Gibco) supplemented, with 2 mM L-glutamine (IrvinV 
Scientific} , ^ O.SmM sodium pyruvate (Gibco) V^iod zf/ioo ug/ml 
penicillin/streptomycin. (Irvine), and 5% heat-inactivated 
Human Serum Type AB (RPMI/5% HS; Gemirii Byproducts). Culture 
media used in the growth of EBV-transf ormed lines contained 
10* heat-inactivated fetal calf serum (RPMI/io* PCS, Irvine) 
instead of human serum. 

Cytokines. Recombinant human Interleukin-2 (rIL-2) and 
Interleukin-4 (rIL-4) were obtained from Sandoz and used at a 
final concentration of 10 U/ml and io ng/ml, respectively 
Human interferon^ (IFN- T ) and recombinant human Interleukin-7 
(rlL-7) were obtained f rpm Genzyme and used at 20 u/ml and 10 
ng/ml, respectively. 

Peptides. Peptides were synthesized at Cytel and are 

TrTt*** ±n Table ' 24 *• Pe * tides — routinely diluted in 
100% DMSO at 20 mg/ml, aliguoted, and stored at -70-c until 
use. *uiuxj. 

Cell Lines. jy, steinlin, EHM, . bvr, and KT3 are homozygous 
human EBV-transform e d B cell lines expressing hla a, , a , 
Axi. »d A,,, respectively. They are grown in ^ *»' 

Tel" 11 SenSitlV «' line grown ln ' 

Krai/10* res, was used for reduction Of background kiut™ in 
^assays Melanoma cell lines either pressing the hIIe 
«*i«,en, mel 397 and mel 938 . or not expressing the MAGE 
antigen; mel 888, were also grown in RPMI/io* PCS. 

Khole blood was collected into heparin containing syringes and 
spun in socc tubas at l 6 oo ppm (Beckman CS-6KS, "or^S 
-mutes. The plasma layer was then removed and 10 ml of buffv 
coat wa^collected with a pipette using a circular motion 
The buffy coat was mixed well and diluted with ,„ . , 
of rpmt tki. «. « with an equal volume 

RPMI. The buffy coat <30 ml, was then layered on 2 o ml of 
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M^^"^'- (Phar ^ cia ) and centrifuged at 1850 RPM (400xg) 

20 *£ nutes * 25rc, with the brake off . The interface 
*?£*ff* F iPoll and the plasma containing the PBMCs was 
recovered , wit* ? a transfer pipet (two interfaces per 50 ml 
tube) and washed three times with 50 ml of RPMI ( i 70 0, isoo 
and 1300 RPM for 10 minutes) , cells were resuspended in 10-20 
ml of culture medium, counted, and adjusted to the appropriate 
concentration. 

Freezing PBMCs. 30 million cells/tube (90% FCS/io% DMSC 
Sigma) were inserted into a Nalgene Cryo i«c Freezing 
Container containing isopropanol (Fisher) and placed at -7 0 «C 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was changed every five times. Tubes were transferred to 
.liguxd nitrogen for long term storage. To thaw, PBMCs were 
continuously shaken in a 37 »C water bath until the last 
crystal was almost thawed (tubes were not allowed to sit in 
the water bath or at room temperature for any period of time) 
Ceils were diluted into se^um-f ree KP„x containing 30^ ' ' 
DNase to prevent clumping by dead cell DNA and washed twice. 

Eduction of Primary CTL Using SAC-x Activated PBMCs as APCs 

a. Preparation "f flPr-: PBMCs were purified using the 
standard Ficoll-Pague protocol and ^suspended at 1 ^,1 
in HPMI/5V FCS containing 0.005% PanSorbin cells (SAC-I celL 
^bbi^JT in A; Calbi0Ch ->' » «W Immunobeads 

Twt ^1 JST™ IgM '* Bi0rad> ' aWd 20 »*<»1 <* human r IL -4. 
Two »a of C en s per well were plated in a 24-well plate 

(Falcon, Becton Dickinson) and cultured at 37-c. After 3 

tills fol^T ren ° Ved *"* *** CellS — -shed three 
times followed by addition of RPMX/10% HS. The cells were 

used after culturing for an additional 2 days in P^o^HS. 

apcs fln d p.m-^ e 1iM>ttw _ f n :J7' n the B "rf^e of 

x 1. Cold temperature incubation: 

a. Expression of empty MHC in APCs: The APCs 
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were adjusted to a. concentration of 2 x 10«/ml in complete 
culture medium containing 10 ng/ml riL- 4 , 20 U/ml human IFN— -y 
and 3 ng/ml 02 -microglobulin (0 2 m; Scripps Lab). T he cells 
were then incubated overnight at 26 -c in the presence of 5% 
CO a . It should be noted that these cells only express a 
fraction of Class 1 molecules in the empty state ("10%) . 

b. Peptide loading of APC stimulator cells- 
Empty Class I expressing APCs were washed 1-2 times with 
serum free RPMI ( + L-glutamine and Hepes) and resuspended at 1 
X 10 in serum-free RPMI containing 50 Mg /ml total of the 
peptide pool (i.e., 16.7 M g/ml of each peptide in a pool of 
three; 25 M g/»1 of each peptide in a pool of two; 50 M g/ml of 
individual peptide), 30 /xg/ml DNAse, and 3 >g/ml > 2 m 
Following a 4 hour incubation at 20*c, the cells were 
15 irradiated at 6100 rads (5 x 10«/ ml; 25 million cells/tube, , 
washed and adjusted to the appropriate concentration for 
addition to the induction culture (see below) . 

2 r Acid stripping: This was used as an 

20 t^e t ^ tiV l" , - ° d 9enSrating ^ ** C on the surface of 

«< ^ & SAC - 1 activated PBMCs were washed once in cold 
0.9% sodium chloride (j.T. BaXer, containing B SA. The 

buf f - eSU " Pended ^ 107/nl in ^ -itrate-phosphate 

buffer <0.13 M ^-ascorbic acid CJ . T . Baxer] , 0.O6M sodium 

tt °H aSiC < Si *™>< * H3 > containing i% BSA and 3 
Z \ — incubat «* on ice. After 2 minutes, 5 volumes of 
cold 0.15M sodium phosphate monobasic buffer pH 7 5 
containing 1% BSA, 3 „g/ml * 2 m, and 10 ,.g,ml 'peptide 

^microglobulin, and 50 „g/ml pep tide [neutralizing buffed /21 
and xncubated for 4 hours at 20-c. As above, subseguent to ' 
the four hour incubation at 20«»c th« 1 ^ t0 

Adjusted to the appropriate concentration Tr \ 
induction culture (see below). "dditxon to the 


25 
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preparation gf the cp4+de P i Ptert pbmc r** n o n <i* r 
population f depletion of l^hn^ r v b- PO »m^ ti T7 nr „ riTn 
AIS riftPXff) t AIS MicroCellector T-150 flasks (specific 
JfF depletion of CD4+ T cells; Menlo Park, CA, were 

primed by adding 25 ml of PBS/ 1 mM EDTA, swirling for 30 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperature 
for 1 hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed 1 time with PBS/EDTA, 2 
additional times with PBS and then incubated with 25 ml of 
culture medium for 15 minutes. PBMCs were thawed "in 
serum-free RPMI (+ L-glutamine + Hepes) containing 30 „g/ml 
DNAse, washed once, and incubated for 15 minutes in culture 
medium. Following aspiration of culture medium from the 
flasks, up to 180 million PBMCs were added in 25 ml of culture 
medium containing 30 /ig/ml DNAse . After l hour at rooB 
temperature, the flasks were rocked gently for 10 seconds to 
"suspend nonadherent cells. The nonadherent cell 
suspension containing the CD8+ T cells was collected and the 

PBMCs were centrifuged and counted for addition to the 
induction culture. The CD4+ and CD8 + phenotype of the CD4 + 
depleted cell population was determined by FACS analysis (see 
below). In general, this technique resulted in a two-fold 
enrichment for CD8 + T cells with an average of approximately 
40-50% CD8 + T cells and 15-20% remaining CD4 + T cells 
following depletion of CD4 + T cells, depletion of CD 4+ T 

Int^T* alS ° ^ accoB * lished * antibody and complement or 
antibody coated magnetic beads (Dynabeads, . Depletion of cL + 

1» \! **• PUrP ° Se ° £ ^ ichi »* CTLp and removing 

cells which would complete for cell nutrients and may s 
interfere with CTLp expansion. 

, d * JndygtiPn f>f prlm^rY Hf ,. During the 4 hour » Mt *H„ 
jading of the stimulator APCs, CD4 + depleted pL tT ^us " 
ZTJT P ° PUlati0n ^ ******* utili zing AIS flasks 

-11 ,V ° f CD8+ T CellS depletio! of CD 4 !T 

cells (above,. The responder cells were plated at 3 x 10^ 
xn a 1 ml volume (24 well plate, and placed at 3 7- c until tie 
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peptide loaded stimulator APCs were prepared. The irradiated 
peptide loaded APCs were washed 1 time i„ serum-free T' 
WXut^Une and Bepes, , adjusted to ixio'/m! in completT 

PBMC. 1 x 10« stimulator cells (l ml volume, were n i, f ^ • 
£e wells containing the reeponder cells, L Z^T v T d 
PBMC and PHA blasts, l ml of 3 * l 0 s,ml stimulator cells were 
Plated i„ each well. A «»al concentration o* 10 ot 
additional peptide was added in addition to 10 ^ 
concentration ot r lt -7 (2 ml tctal volume, . on lay 7 an 
additional 10 s,/ml rIL-7 was added to the culture and ? n n, , 
rIL-2 was added every , days therea f ter. On daT^e ^ 

2 IT reSti " Ulated " ith PuX-d adhered ceils 

and tested for cytolytic activity 7 days later (below, . 

Protocol for *estiaulatio n or Primary CTL Osl^r >„>, . 
PBHCs were tk. u ^ osing Adherent AFC. 

were wiaved into serum- free ppmt / . T , ■ ■ 

Hepes, containing 30ug/ml DNAse^ washed 2 t^mes"^ T 
to s x lo« /mi i„ culture medium ccnta^o ™T ^""^ 
million cells/tube in S ml, were !rr!d^! ! PBHCS ( " 

wash, the pbhcs were resuspended ITou^ medium^d 1 
adjusted to 4 x io 6 /»i , , ^ , meaium and 

pe* well o f a «"el! plaL "I ^""^ PB "~ «- added 
hours at 37-c washed VT' ~~ «« 2 

an. cultured V^S^ /mHo^r'' 

L^rr- tut: — \™-^~ 3 

contain^ 20 u,ml rIL _ 2 vas 1 " X •*.«**«■ 

racs Analysis, one minion cells/tube were centw, ' 

a:: ^e: c:tr rrr^r^r^ 
dss L^rrs t bs/o -" BsA/o - 02 * »^ e an e d 

«.« Tt was not ^W^T" T . 

t possible to analyze samples within 1-2 days> 
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h m^^" I 1 "' Wlth *» Paraformaldehyde 

(Fisher) and analyzed within one week. 

<^btojcicity .Assay 

ah-ence of 10 ag/ai total pep^e/ PCS ln *"= P«— - or 
b ; t afce "™' Pf targpf Cflla : Target cells we™ 

chro»at. (HEH),, then incubated at 37-c for l 

Targets were washed 3 ti»es (IP »1/L h , ^a!" t " 

r.auapen.e. ln 10 B i (to determine ^ ^J^"* «~ 

tTo^l 1 " 1/tar9et ° OUnted ° n «» «l=rde«c 
automatic gamma counter). ™*r aic 

- -^^^«rrtrr^r ed 

r-"^ Plate C^taTcC ZT<£? " ' 

concentration of l x lo</„ell. K5«aJi, ■ 
reeuspended at , „ lo6/Bl ', Md .^^J^ «"-»- «!* 
final concentration of 2 * xoVwell ££L " ^ *" « 
W -as ,„..!,. Reeponder celts were tLned 1062 *" 
resuspended at , * i o6/nl . and tnree f^J^r^ 1. 
were perf or»ed for effector to l^roet «!« " dilu "<»» 
">:i, and 3:l. ^ponder calL^T.^" ** ,,Wi 3 ° !1 ' 
*1 in duplicate wells For ? ln * yolu ""> «* 100 

l^iled target K ^ so^l^sT T"" 5 ° " 
-edtu. was added. Por ^T^*^' "»«Vvell „f 

*l/wall K562, and loo si/well of o7* L I " 1/ " e11 ^t, so 
•oded. Plates were ce^trif ug j f « 5 % S^T"* 0 
Allowing a 5 hour ta.J at 3" c p^f " ^^00 RPH. 

supernatant was collected " q«-.-^ ^ Mi/well of 

(Hicroaedic automatic ga^ co^er ITLTT^ t ~» 1 — 
«-ed to determine the percent specie 1^ '^' "~ 
*oraula: * specific lysis - cpa expfrLenta^ to 
release/cpm maximum release - ~™ " CpD s P™>taneous 

release cpm spontaneous release x loo. 
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A cytotoxicity assay (CTL assay) was considered positive if 

T^l G t B ° f tar9etS SenSit " ed Vith - BP-ific peptide 

at the two hxghest effector to target (E:T) ratios was isl 
greater than lysis of control targets (i.e. , target cells 
5 wxthout peptide) . A cytotoxicity assay (CTL, assay) was 
considered borderline if the lysis by CTL of targets 
sensitized with a specific peptide at the two highest effector 

£SV M I" 108 " ly8iS of control ^ 

targets (i.e., target cells without peptide) 

" .„ f' BSSHWS " ° f *"* P e P tides ««t bind to the indicated 
3 oT^' , s ° f PePtideS ' " ot «- « «v Peptides 

to date induced p«»ary CTL in vitro. Representative graphs 

I. 'J, I 9 ^ reSP ° naes *° Monogenic peptlaefare 

u shown for hage (Pigur. 22) , ^ (FigurfLr 
and HBV (Figure 2). The CTL induction data are ! ' 

Ta W e 24 ^ li8ts ^ Peptlde r: h tr:^rto 

the appropriate MHC and induce primary Cxi in vitro. 

. Z ^etet^ir"': V eqUe " ee ' ^ P °^» and 
allele to which it binds. Results shown in Figure 20 

illustrate lysis or peptide sensitized targets a„d^ 
targets following etiolation with SAC-X aerated l^T"" 
loaded with a MAGE 3 peptide, 1044.07 by the l t 
and incubation technique. Flgure 21 ' f* C ° la ^"-ture 

s s t i6sdin9 ^ne!\r:r^th°n:id xson of - 

temperature incubation technique (panel b) . 

Although the present invention has been d,=^.^ , 
: so M . detail by way of illustration and ex^Tor ^ , 
clarity and understanding, it will be appar ^ ^JHT 6 " ° f 
changes and modifications nay be practiced wi^ l ! 
the appended claims. ^xthxn the scope of 
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Sequence 
AADKAAAAY 
ATAKAAAAY 
ATOKAAAAY 
ALAKAAAAV 
AMAAAAAAX 
ATAAAAAAK 
AYAKAAAAF 


TABLE 13 

VALIDATION OF CYTEUS HLA MOTIFS 



Mocif 
Al 
Al 

A l 
A2 .1 
A3. 2 
All 
A34 


Al 

50 
IS 
2.8 


icy (IC so hm> 

A3 .2 

• * • 

329 77 
9250 040 

125 


A24 


NO 


* 8 

59 


8.4 
40 


15 U dash indicates an rr 

cea an ic 50 greater than 20.000 riM. 


115 


20 


TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 


25 


30 




Binding Capacii 

SEQUENCE 


Al ■= r> 3 

AADKAAAAAY 

Al 

45 

ATAKAAAAAY 

Al 

58 

ATDKAAAAAY 

Al 

4.0 

ALAKAAAAAV 

A2.1 

NO 

AMAAAAAAAK 

A3. 2 

NO 

ATAAAAAAAK 

All 



*Y "C 50 nM) 
A2.1 


1400 


•A dash indicates an t<~ 

Ces a " IC S0 greater than 20.000 nM. 


A3. 2 

1100 
10000 


All 


1030 


4S33 
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TABLE 15 
HLA-A3.2 
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TABLE 16 
HLA-A11 
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10 


15 


TABLE 17 
HLA-A24 
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TABLE 18 


HLA-A1 
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TABLE 19 
HLA-A1 
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10 


15 


Orgin 

E€ 
S6 
B7 
E7 

E7 

E6 
E7 
£6 
E6 


TABLE 20(A) 

HPVI6 E6 AND E7 PEPTIDES BINDING TO HLA-A1 


First aa 
Position 

60 
69 
44 

37 

19 
144 
73 
139 
Gl 


Sequence* 

ISEYRHYAY 

VADKALKFY 

0AEPORAHY 

EIDCPAGQA 

TTDLYAYEQ 

MSAARSSRT 

HVDIRTLEO 

WTCRAMSAA 

VRIXHYPYAV. 


Binding Ratio 
to Standard! 


3.500 

0.240 

0.029 

0V02S 

0.023 

0.019 

0.014 

0.010 

0.008 


Motif 
Prediction 


•Y- 


20 


Bold A s xndxcace residues in „ hich cysteine was replaced b , 

experxmencs considered in this table was 81 30 I ° f 

are peptides yielding r.cio values of " ool Tli ""^ "» 

yielded ratio values of ao.ffoi. - AU OCher Prides 
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TABLE 20(B) 

HPV16 E6 and E7 Peptides Binding to HLA-A3.2 


10 


15 


20 


25 


30 


E6 

E7 

£6 

£6 

£6 

EC 

E6 

£6 

E7 

£6 

£6 

£6 

£7 

£6 

E6 

£6 ■ 

E6 

£6 

E6 

£6 

£6 

£7 

£6 _ 

E6 

E7 


Pirst aa 
Position 

107 
59 
89 
33 
125 
143 

7 
93 
37 
51 
145 
75 
69 
52 
80 
42 
68 
97 

79 , 

69 
146 
58 
38 


Sequence 4 

LIRAINAQK 
IVYROGNPY 
IVAP1AS0K 
IILEAVYAK 
HLOKX0RPK 
AMSAARSSR 
AMFQDPQER 
TTLEOOTNK 
AVYAKQOLL 
HYNIVTFAA 
SAARSSRTR 
KFYSKISEY 
SLYCnXEQ 
YNIVTTAAK 
ISEYRHYAY 
QOLLRREVY 
AVAOKALKP 
OOYNKPLAD 
KISEYRHYA 
RHYAYSLY6 
VADKALKPY 
AARSSRTRR 
: AAKAOSTLR 1 
VYAKQOLLR 
YAVADKALK 
KADSTLRLA 


Binding Ratio 
to Standard^ 

3.7000 
3 .0000 
2.2000 
1.5000 
0.4400 
0.1800 
0.1000 
0.0780 
0.0320 
0.0210 
0.0200 
0.0100 
0.0080 
0.00.67 
0.0064 
0.0058 
0.0056 
0.0045 
0.0044 
0:0036 
0.0025 
0.0020 
6.0016 
0.0012 
0.0012 
0.0012 


Motif 
Prediction 


35 
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10 


15 


20 


25 


30 



E6 
E6 
E7 
£6 
£6 
£6 
E6 
E6 
E6 
E7 
E6 

E f 

c * 

£6 

E7 

E6 

E6 
E6 
£6 
£7 
£7 


33 
93 
89 
7 

59 
60 

37 
145 

(1 07 

5a 

42, 

143 

79 

67 
. 52 . 

68 

69 

38 
140 
90 
51 


I I LEA V YAK 
TTLEQQYNK 
IVAPIASQK 
AMFODPQER 
IVYRDCNPY 
ISEYRHYAY 
AVYAKOOLL 
SAARSSRTR 
LIRAINAQK 
AAKADSTLR 
QOLLRREVY 

AMSAARS5R 
KISEYRHYA 
YAVAOKALK 
YNIVTFAAK 
AVADKALKF 
VADKALKFY 
VYAKQOLLR 
TGRAMSAAR 
VAPIASOKP 
HYNIVTFAA 


6 .7000 
1.8000 
1.3000 
0.8400 
0.4700 
0.4300 
0.0450 
0.0330 
0.0120 
0.0110 
0.0084 

0.0064 
0.0076 
0.0074 
0.0060 
0.0037 
0.0030 
0.0022 
0 . 0012 
0.0012 
0.0010 


♦/- 

- <♦)* 

♦ 

♦/- <♦)« 


*/- 


experiments cohered lathis rib?* " Che cou «« °f the 

yielded ratio values of «0.001 *o.ooi. All other pepcides 

BracKecs indicate score according co adjusted mlt . 
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10 


15 


E6 
£6 
£6 
£7 
£6 
£6 
£6 

£6 

E6 

£6 

£6 

£6 


87 
72 
131 
49 
49 
82 
26 
66 
1 

85 
44 
38 


AYSLYCTTL 
KALKFYSKI 
RFHNXRGRW 
RAHYNIVTF 
VYDFAFRDL 
EYRHYAYSL 
LOTTIHDII 
PYAVADKXL 
MHQKRTAMF 
HYAYSLYGT 
LLRREVYOF 
VYAKQQLLR 


0.1200 
0.1100 
0.1000 
0.0670 
0.0610 
0.0460 
0.0200 
0.005S 
0.0049 
0.0037 
0.0023 
0.0011 


20 


25 


w . WW X A 

Bold A* s indicate residues in which cysteine was r, nl ., « J 

* The average XCi n value *SE a e fh . cy * ceine replaced by alanine. 

vT«iJE£ Clde ? vield *«9 "cio value of To oof 2ft L " Ced in the table 

* - B^f? " C f? val «« of .0.001. •0-001. All other peptides 

Brackets indicate score according co adjusted motif. 
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r ij > > 
' x» x 


3 


o o o o 


8 


o 

» 

CO 


— ~ zl 

N» 2" W 
Kl * V> 
' O * • < 


2f! ^ 

tt U ^ g 


-3 

z 2 
o £ 


— I cot? I*- 


Tiki 


M U1 M 


z 
o 

» 

CO 


IS 


tn o 


«*> ~ . 5 1 


o 
n 
so 

CO 


;o^>;;^ Sol 

#-\ • — « 


o o o o ° ° 


o o ° ° ° o 
o O O 
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3 
►1 


— ^ II — 

**• u» u> a© _ 


8 


o 

W 
SD 
CO 


ZZ 5^ w 


2 2 

o S 


j»6 

ion 

3* 


- j!k; Sis 


© 
CO 


3 

H 

I CO 


u#ui 00 


2 
O 


O 
CO 


• _ o to 


o o 
o o 


g o o ooo 


I 

t- 
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;l ' 


Vim 


Strain 


i- 

xan? i; 

1J7U | 

_l 

1,0754 I 
1.IOZB I 


HI nMlMjjELV 
ULDmCTTY 

ETliiJILY^ 

ffTHpsovwyr 

TLCEfTCtVY 
YVMACVCTPT 
CTTTAENFEY 

MOLVOAEEV 


AU 


All t A24 


\ lot.-i T 
:i lui 

T 

I .401 I 
I 773 
t 13 


1JQ37 J_ 
I 


LVKSrWHVK 

vugwrsnc" 


umi 

l_ 

"05TT 

i__ 

1.100 I 

mxdi i 


LLPHVMN*" 

cvnctqrjT 
tvcacoouT 


VTA£DCTQK 
OLSYHPfWK 
TILWKnFHK 


VLVONHVK 


UU1 I 

1.1 ID I 


SVFQNLOVIlt 


lUCGCVUQtt 
LV5EF5RMAK 

cwKamcjt 
cvakctsgvk" 
wwamdnr 
aiJinnrQcSr 

gTVCAGCOuT 
~ KIFVAUCVOT 


1 T 

I i_ 

1 i_ 

xii 
xii 

Xll 
All 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 


7* -j 

QJCPC 

n 0 f 



"~ 0 

1 ounp| 


'CUJT 

: 0Q41 

' 0 



: zj 1 

: Qaaa 

t ttflOPf f" 


• u { 

00017 

| o r 


1.1 j 

' 0 

1 0 1 


aim r 

goto 

~1 OCT3 j 

o 1 

§!S 



Wl I 0J7~ 

oxro 

clou 


air 


ft fir* 


aans 


aan 

OLOD. 


O014 

axno 


c-eis 


TP 
433 

431 Xll 

141 i Xll 

tn i xii 

« i xiT 

i xn 

Xll 

> 472 i m 

217 I Xll 

? m i in 

747 1 Xll 


L aan 

0L4I i 

[ OLM ■ 

1 0L33 I 1 

au 

CLOU j | 

o ( 1 

ai4 

an j 1 

cum 

an j j 

7«U»7 

an 1 J 

CLOP 
CL0I7 

00073 1 1 

O040 
QLOD73 7 

0073 | I 

aooas j j 

qloss j 1 

loan j 

OLOCOP f 

OOP j { 

aooQ 1 I 
"aou | | 

0L015 j 

OXDU | 1 

ttODM 1 

aou 1 j 

JftWl } 

5 I 1 


\ 
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M6V 


Strain 


1J1SS I 
l-«44 I 


I 4Z> I 


SLDVSAAFY 
f IILXISLY 


4 I 


HBV 
HBV 


HOL 


i :iqn t 


imas 


MSTTOLEAY 

rrracTSLY i 


HBV- 
HBV 


I LSI I 1 


XCX23 t 


LTKQYINLY 
LTMQTLNLV 


POL 


TTT 


HBV 

HBV™ 


I 13K3 I 


OT7 


POL 


aso 


l UP| 


0*0B5 r 


1JJ144 | 

unao I 


KVCN1TCLY 
MSTTOLEAY 


9 I MBV 
4 * MBV 
I 9 I MBV 


« i 
xssol T 
i w i i 


0JS7 


9 I 


1JH74 I 

unis i 

X0U4 I 


QSAVEJCEAV 


SLMLLYKTY 


i t i mb%t 

I 9 * MBV" 
I 9 J MBV 


3U I 


T 



4OT7 


asu 


1X619 i 


SSTSRNINY 


I 9 


PLLPTASALY 
LLDPBVCLY 


I 10 I 


MBV 


1 — =r 


10 
10 


ixbii i 


T 


FLQQQYtMLY 


MBV 
MBV 


t It 


MBV 


t ALL. 


fNV 


ami 

114 


4J 


MBV 


3JP44 j 
lifftl I 


Q1KJULL HLY 
KTYCBXLMLY 


1 10 

TTb" 


MBV 


POL 


1.1 


LI 


2SH2 I 
li 
XXZM1 | 


KTYCKKLHLY 
QTPCBJCLKLY 


I 10 
I 10 


MBV 
MBV 


ia 


KTWCBJCLHLY \ MTT HBV~ 
CTFCBJOHLY I 10 j MBV 


QJ0 


ljQKtt I 
2*040 \ 
U0S41_|_ 
I 


nrvKALY 

TTPAQCTSMY 
L9BTSKN1NY 


HBV 
j 10 I MBV 
j 10 I HBV 
10 

I 10 HBV 


ENV 
ENV 


I 120 


021 


I 


747 


POL 


1279 


012 


Oil 


TTFAQCISW 


IJB42 


KTLWKAQLY 


UB44 

LfiflO ! 
IJS0I 

I 

zinu 7 

7 

SjOCB* j_ 

I 


KSVQKLESLY 
NLYY«g Hit 

lltotcbjc 

lh4PAKFYPK 


SAJC5WK* 
HLMpOinCJC 


MBV 
MBV 
MBV 
MBV 
MBV 
MBV 
MBV 
HBV 
HBV 


□BX 


414 


HBV 


roL 

ENV 


POL 


10 

i- 

Hic 

713 


i sn 


OOIB 
OOT4 

QflU 


I 


l 


FOL 


LtLVQTFCKK 
YMQQWLCAK 
TSAJgVVgr 
PTYKAFLOC 


HBV 
HBV 
HBV 


I 1197 
395 | 


HBV 


PTPLEAYFK 
KYlSfr WLL" 
LYAAVTMFL 
FYWMLTKYL 
LY5STVP5F 

FYPWVTKYL 
LYSLSPFL 

LYSSTVPVl 
_ LYN1LSPFL 
NYKVSWPl^ 


HBV 
HBV 
HBV 
HBV 
HBV 
HBV 


3_ 

I 446 | 3 
T 1083 I 3" 

HZI I 3 
I S3D I 3 

roL i ma | n~ 


HBV 
HBV 
HBV 
HBV 


UP 

L33DJ 

L14BJ 

» — < 
I 44S | 

714 

714 


2SXH7 : 
ZOQfiO I 


HYFKTKHYL 
CYFALMPLY 


I 743 I 
714 I 


AYBJTNAPI 
LYqTTCRjq" 
SYQHFRiOi. 
LYSHPULCF 


HBV 
HBV 
HBV 
HBV 


I L224 I 2i~ 


NUCJQSTUCRJ3 131 j 

TijbbT 

I 


lyaavtnfll 
lyrpllslpT 


HBV 
HBV 


TcMe. 


\ 1.149 I 
1 1J71 | 
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A1 


All 
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Li on i 




AA 



• l<22 | XI 1 


Al 


I 
I 

AX2 I All 


A24 


>VCDQLDPA« 
SLOMLNFQ* 


f 10 |^ 
l„10 


- HOV 


aoow i 


O014 


XQ3Q7 I 


POKE 
fOL 

: - HDL— 


' Hi t' XH 

j xir 

•?t ?xu 


0j017 j 


TLVSPCVWIK 
FVCTVrVNEJC 


-SSL 

00057 


j ttgg7 | 


MOTS 1 


KIADeCLNM 


mm 


•at 

..mat* 


I »4 


ems 

0LO14 


1.10M T 
1.0771 t 


rvugjoooFi 


no i 
Tio" 


-H«V 


".I -*dr 


K3L 


LTVNEKRKLK 


I UB I HV 


aou i 


csxx* 


314 I XII 


* tbb i : xi i 


V 
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Peptide ID / 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 
1044.06 


Table 25 a 

Peptides Synthesized 
by Cytel For Loading 
Onto Acid Stripped 
Autologous PBMCs and 
PHA Blasts 
Antigen 

HBs 

HBc 

HBp 

MAGE 1 

PSA 

HBc 
PAP 
PSA 
PSA 


Sequence 
FLLTRILTI 
FLPSDFFPSV 
GLYSSTVPV 
EADPTGHSY 
VLVHPQWVL 
FLPSDYFPSV 
ILLWDPIPV 
KLQCVDLVHI 
MLLRLSEPAEL 


20 


25 


Table 25 b 
Cell Population 


JY acid stripped 
JY acid stripped 
JY control 
JY control 


125 I-I*abeled 

Peptide +/- Cold 

Peptide 

- cold peptide 

+ cold peptide 

-cold peptide 

+ cold peptide 


CPMS 
+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
50 


n 
n 
n 
n 


3 
1 
3 
1 
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WHAT IS CIATMffn Tff . 


1. A. composition comprising an immunogenic peptide 
having a HLA-A3. 2, binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-termihus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, V, s, A, T, F, C, G, d and E; 

and a second conserved residue of K, R, y/ H and F- 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

2. The composition of claim i, wherein the first 
conserved residue is at the second position from the 
N-terminus. 

3. A composition comprising an immunogenic peptide 
havxng a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of t, S and M; and 
a second conserved residue of d, e, a, s and T; 
a third conserved residue of Y; ' 
. wherein the first and second conserved residues are 

adjacent and the second and third conserved residues are 

separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 

N- terminus . 

5. A composition comprising an immunogenic peptide 
havxng a HLA-A1 binding motif, which immunogenic^ ^tid has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus: 

x a first conserved residue of T, s and M; and 
a second conserved residue of Y; 
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_ wherein the first and second conserved residues are 
separated by 6 to 7 residues... 

f 6 • mie .composition of claim 5 / wherein the first 
conserved residue is at the second position from the 
N-terminus and the second conserved residue is at the ninth or 
tenth position from the N-terminus. 

7. a composition comprising an immunogenic peptide 
having an HIA-A1 binding motif, which immunogenic peptide has 
between 9 and about 10 residues and the following residues, 
from the N-terminus to the C-terminus. 

a first conserved residue of D, E, A, s and T; and 

a second conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 5 to 6 residues. 

8, The composition of claim 5, wherein the first 
conserved residue is at the third position from the N-terminus 
and the second conserved residue is at the, ninth or tenth 
position from the N-terminus. 

.?."** A composition comprising an immunogenic peptide 
having a HLA-All binding motif, which peptide has between 
about^, and about 10 residues and the following residues, from 
the Ntermmus to the C-terminus: 

a first conserved residue of L, M, I, v, a S t c 
N, Q, C, F, D, E; and ' ' *' T ' °' 

a second conserved residue of K, R, H; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

10. The composition of claim 9, wherein the first 
conserved residue is at the second position from the 
N-termihus. 

. -V . . .• • 

11. A composition comprising an immunogenic peptide 
having a HLA-A24.1 binding motif, which immunogenic peptTde 
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lias between about 9 and about J.0 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of Y, f, W; and 
a second- conserved' residue of F, I, L, R h- 
wherein the first and second conserved residues are 
separated by 45 to 7 residues. 

12. The composition of claim 11, wherein the first 
conserved residue is at the second position from the 
N-terminus. 

13. A composition comprising an immunogenic peptide 
hayxng an HIA-A3.2 binding motif, which immunogenic peptide 
has 9 or lo residues: 

a first conserved residue at the second position 
selected from the group consisting of A, I, £, M , T, and V 
and a second conserved residue at the c terminal postion 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
havxng an HIA-A11 binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from the 
N-terminus to the cterminus: 

the H t .J, firSt , COn8erV " d " sidua " second position from 

seiectea ^^^^^' ^ ~— 

wherein the first and second conserved residues', are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprisino a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a. HLA-A3.2 binding motif, which i^uno gm± T^l?T 
between about 9 and about lo residues and the^Lw^ ^ 
residues, from the N-terminus to the C-terminus: 
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a. 


■first conserved residue selected from the group 
cons^^ of.x, M, I, V, S, A, T, F, C, G, b and E; and 
a second conserved residue of k, R and Y; 
e wherein the first 'and second * conserved residues are 

separated by 6 to 7 residues. 


16. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of • 
wherein the first and second conserved residues are 
separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 
Pharmaceutical^ acceptable carrier and an immunogenic peptide 

9 IT'" 1 bindin9 ' VhiCh PCptide »~^veen ^ 

9 and about 10 residues and the following residues, f ron the 

terminus to the C-terminus: 

a first conserved residue of D, e, s, T; and 
x a second conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 5 to 6 residues. 
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s"* . A Pharmaceutical composition comprising a 
P^ar«ac#utically acceptable carrier: and an immunogenic peptide 
havxng a HIAtA2 4.1 binding motif, which peptide has 
a first conserved residue of Y, F, W; and 
a second conserved residue of f) i, x, w, or m; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

20. A method of identifying an immunogenic peptide 
comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif- 

the M „ a 4"»ot«f " "V™" " *** -Wc protein ^ 

preparing a test peptide of about 8 and about n 
residues comprising the selected subsequences; 

determining the ability of the test peptide to bind 
to the preselected MHC allele and induce a en. response 
thereby identifying immunogenic peptides. 


WO 94/03205 


1/25 


PCT/US93/07421 


HLA-A PURIFICATION AND 
PEPTIDE ELUTION 


(5-10x10* call equivalents) 


Detergent Lysis 
(10" calls/ml) 

i 

Detergent Lysate 

i 

Affinity Chromatography 

i 

Purified HLA-A Antigen 

i 

Acid Treatment 

i 

Peptides 

i, 

Sequence/Motif 


a) EBV transformed B cell 

. e.g. .22l.HLA.Ai 
c > P815 transfectants 
(mouse mastocytoma) 

1% NP-40 or i% R anex 3fl . 
protease Inhibitors ^- 1 hM*C 


Cemrlfugatlon at i 5 ,0OOxg. 


mAb-Sepharose 5 mo/mi 
*10 ml column 9 


Anticipated yields 450-800 


P9 


10% acetic acid, 5 mln, ioo«c 


YM3 filtration, 3kD cut-off 


D. Hunt - HPLC/EI-TMS 
- HPLC/ABI 477A 


Figure 1 


\ 


tHlS RAGE BLANK (uspto) 


WO 94/03205 


2/25 


PCI7US93/07421 



Figure 2 


I 


WO 94/03205 


PCT/US93/07421 


3/25 


- 5siS~" 1 ^ D 


S 




THIS PAGE BLANK (uspto) 


WO 94/03205 


4/25 


PCT/US93/07421 


Tllrt of 941.12 va A3.2 



THIS PAGE BLANK (uspto) 


WO 94/03205 


5/25 


PCT/US93/07421 



Figure 5 


' HIS PAGE BUNK 


(USPTO) 


X 


WO 94/03205 


6/25 


PCT/US93/07421 



figure 6 


THIS PAGE BLANK (uspto) 


WO 94/03205 


7/25 


PCT/US93/07421 


Titer of 940.06 



Inhibitor 


Figure 7 


THIS PAGE BLANK (usptoj 


I,.' Jraatti 


WO 94/03205 


8/25 


PCT/US93/07421 



Figure 6 


THIS PAGE BLANK (uspto) 


WO 94/03205 


9/25 


PCT/US93/07421 



Figure 9 


THIS PAGE BLANK (uspto) 


\ 


WO 94/03205 


10/25 


PCT/US93/07421 



peptide 


Figure 10 


THIS PAGE BLANK (uspto) 


\ 


WO 94/03205 


11/25 


PCT/US93/07421 


Scacchard for a 1 vs. 944, 


02 



figure II 


; i HIS PAGE BLANK (uspto) 


WO 94/03205 


PCT/US93/07421 


12/25 


A24 cizracion. 



|iM MHC 


Figure 12 


THIS PAGE BLANK (uspto) 


WO 94/03205 


13/25 


PCT/US93/07421 


A24 Inhibition. 


120 



paptlda 


Figure 13 


THIS PAGE BLANK (uspto) 


X 


WO 94/03205 


14/25 


PCT/US93/07421 



Figure UB 



THIS PAGE BLANK (uspto) 



\ 


WO 94/03205 


15/25 


PCT/US93/07421 


Figure 15 


•IXtsSsUUMta. 


NEG CTRL 5 



9.12 ANTI PAN 




ANTI-DR 



S ''^i-rilS PAGE BLANK cuspto) 


WO 94/03205 


PCT/US93/07421 


16/25 


Figure 16 . 
CTL INDUCTION 

?Tr 4 ^ A2 ' 1 «??l DEPLETED RESPONDED 
777.03 + 824.07 ♦ 827.32 POOL 

100 - 



THIS PAGE BLANK (uspto) 


c ... - -" 


WO 94/03205 


PCT/US93/07421 


17/25 



S HIS PAGE BLANK (uspto) 


r 


WO 94/03205 


18/25 


PCT/US93/0742I 


Figure 18 


CTL INDUCTION 

GC49 A2.1 CD4 DEPLETED RES PONDERS 
100 „ 939.03 PEPTIDE SUNDERS 



80 ioo 


Add Strip PHA Blasts ♦ peptide 


Add Strip PHA Blasts , peptide 


THIS PAGE BLANK 


WO 94/03205 


19/25 


PCT/US93/07421 


% Specific Cytotoxicity 

o ■« '» 8 S 8 



THIS PAGE BLANK 


m »*j rnuc dlm^k (USPTO) 


WO 94/03205 


PCT/US93/07421 


20/25 


Figure 20 


Cytotoxic Activity of an HLA-A 1 -Restricted CTL Line 
Specific for a MAGE3 Peptide (1 044.07) 


100 
80 

o 


60- 


i 

u 

*G 40 H 
u 

CO 


20- 




25 50 75 

Effector/Target 


100 


Steinlin - Pep 
Sleinlin + 1044.01 
Steinlin + 1044.07 


mel 888 (MAGE-3 -) 
— mcl 397 (MAGE-3 +) 
mel 938 (MAGE-3 +) 


THIS PAGE BLANK (uspto) 


s 


X 


21/25 


PCT/A/S93/07421 


Induction Using Different Methods 
to Load Peptides onto SAC-I Cells. 


top 


OC164 




£:T fUllo 



OClt)4 ' 


THIS PAGE BLANK (uspto) 


WO 94/03205 


22/25 


PCT/US93/07421 


Figure 22 

Peptide Screening: 
MAGE/A11 


100 n 



E:T Ratio 



E:T Ratio 



THIS PAGE BLANK (uspto) 


V' 


X 


WO 94/03205 


23/25 

Peptide Screening: 
HIV/A3 


100 


80 


60 


40- 


20 


] Donor X297 
HIV/A3 
Pool 1 


I 

3:1 


10:1 


— O- 

— T— 

ao:i 


PCT/US93/07421 



nopaptida 

1080.42 

10SSL43 


-O EHM ♦ K562 


I - 
00:1 



E:T Ratio 


THIS PAGE BLANK (uspto) 


WO 94/03205 


24/25 


PCT/US93/07421 


! 


Figure 24 


Peptide Screening: 
HCV/A3 


100 n 


o 
e 

CO 


80- 


80- 


40- 


20- 


Oonor GC2 
HCV/A3 
Pool 1 



nopaptkto 

1073.10 
1073.11 
1073.16 


EHM* K562 


THIS PAGE BLANK (uspto) 


WO 94/03205 


25/25 


PCT/US93/07421 


Figure 25 


Peptide Screening: 
HBV/A3 


100 < 


80 


Donor GC220 
HBV/A3 
Pool 1 


60- 


40' 


20 



—I— 
3:1 


■ i 
id:i 


nopapdda 
1060.15 


EHM ♦ K562 


— I — 
30:1 


— l — 
00:1 


E:T Ratio 


miS PAGE BLANK <mspto) 


/ 


rfianr^r^iiii 


INTERNATIO J. SEARCH REPORT 


grmtinnil application No. 
PCT/US93/07421 


A- CLASSIRCATION OF SUBJECT MATTER 

tPC(S) :A61K 39/00; C07K 7/06. 7/08 

US CL : 424/88; 514/2; 5307300, 327, 328 
According to International Patent Claaiification (IPC) or to both nati onal clarification and IPC 
B. FIELDS SEARCHED 

Minimum documentation aearehed (claaaification ayiteot followed by claatifieation aymboli) 
U.S. : 424/88; 514/2; 530/300, 327. 328 

| Documcntauon acarched other than minium document to the c^ent that «uch doc ument, ax. deluded in the field, .cached 


| Electee data baae coached during the inten-tiona. aearch (n«ne of dau b«c and, when, pracucabie, acareh tcmu uxed) 


I C DOCUMENTS CONSIDERED TO BE RELEVANT 
C * tC80ry *l Citation of document, with indication, where appropriate, of the relevant paaalgT 

J. Exp. Med., vol. 174, number 3, issued 01 September 1991 
Romero, etah, "H2K-d-restricted antigenic peptides share a simple 
binding motif, pages 603-612, see especially the abstract. 

S^™- 353 ; 26 Sc P tembcr 1991. T. S. Jardetzky, et al. 

° f ^Wtides bound to purified HLA-B27" pages 
326-329, see entire document. 

Nature, vol 351, issued 23 May 1991, K. Falk, et al., "Allele- 
specific motifs revealed by sequencing of self-peptides eluted from 
MHC molecules-, pages 290-296, see abstract 


□ 

Further documents arc listed 


•A' 


•r 



in the continuation of Box C. [J See patent t^y annex 
of art wfckfc ■ m* 


Relevant to claim No. 

1-20 
1-20 
1-20 


| Date of the actual completion of the international search 

01 November 1993 ^ 

N ?^*? d . m * i ling •ddrw of the ISA/US 

Washington. D.C. 20231 

L£a°Skg No. NOT APPf iram p 

Form PCT/1SA/2I0 (second sheet)(July I992>*" 


'A' 

Date of 



Authorized o nicer 

THOMAS CUNNINGHAM 
Mie No. f703) 308-0196 


Teli 



THJS PAGE BLANK ^ 


